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Chapter  11 

ADDITIVES  FOR  OILS 


The  simplest  and  least  expensive  way  to  improve  the  opera¬ 
tional  properties  of  petroleum  and  synthetic  oils  in  various  ap¬ 
plications  is  to  add  special  additives  to  them.  In  many  cases, 
this  approach  is  not  only  the  closest  at  hand,  but  also  the  only 
one  possible. 

Oil  additives  are  classified  on  the  basis  of  their  ability  to 
improve  some  given  property  of  the  oils.  The  following  types  of 
additives  are  distinguished:  1)  viscosity  additives,  which  in¬ 
crease  the  viscosities  of  oils  and  improve  their  viscosity-tem¬ 
perature  properties;  2)  depressor  additives,  which  depress  oil 
pour  points;  3)  antioxidant  additives,  which  increase  the  stabil¬ 
ity  of  the  oils  to  the  oxidizing  action  of  atmospheric  air;  *0 
anticorrosion  additives,  which  lower  the  corrosive  aggressiveness 
of  the  oils;  5)  antiwear  additives,  which  improve  the  lubricating 
properties  of  oils  and  protect  the  rubbing  parts  of  engines  and 
mechanisms  from  wear;  6)  antifoam  additives,  which  lower  the  sur¬ 
face  tension  of  oils  and  thereby  prevent  formation  of  foam  in 
them;  7)  detergent  additives,  which  prevent  the  formation  of  vari¬ 
ous  deposits,  such  as  carbon,  varnish  or  sludge,  on  engine  parts; 

8)  multipurpose  additives,  which  have  the  ability  to  modify  two  or 
more  oil  operational  properties  in  the  desired  direction  simul¬ 
taneously. 

When  it  is  necessary  to  improve  the  operational  properties  of 
oils  as  regards  not  one,  but  several  Indices,  several  additives 
are  used  in  it.  It  is  the  combination  of  these  additives  that  con¬ 
fers  the  desired  properties  on  the  oil. 

1.  VISCOSITY  ADDITIVES 

A  variety  of  polymer  products  are  used  as  viscosity  additives. 
Polyisobutylone ,  polymethacrylates,  and  vinyl-ether  polymers  have 
come  into  practical  use,  as,  to  a  lesser  degree,  have  polyalkyl- 
styrenes  and  copolymers:  hydrocarbon  (for  example,  the  copolymer 
of  isobutylene  and  isoaraylenes  -octol),  derivatives  of  methacrylic 
acid  and  nitrogen-containing  monomers  and  a  number  of  others.  Cer¬ 
tain  polymer  additives,  together  with  their  ability  to  improve  the 
viscosity  properties  of  oils,  also  have  depressor  or  detergent 
properties,  or  both  together. 

Polyisobutylene 

Polyisob  itylenes  with  molecular  weights  of  15,000-20,000  are 
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used  as  viscosity  additives. 


The  main  chain  of  polyisobutylfene  is 


CH, 

-i-CH,- 

L 


CH, 

CH,— 

CH, 


In  the  Poviet  Union,  polyisobutylenes  are  produced  in  accord¬ 
ance  with  Ministry  of  the  Chemical  Industry  Technical  Specifica¬ 
tions  (Ty  MXn)  1761-54.  Abroad,  polyisobutylene-based  additives 
are  manufactured  under  the  names  Opanol  and  Exanol.  For  conven¬ 
ience  in  use,  poly isobutylene  is  produced  in  the  USA  in  the  form 
of  a  20—30%  solution  in  medium-weight  mineral  oil.  This  solution 
has  come  to  be  known  as  Paratone. 

Polymethacrylates 

The  main  chain  of  the  polymethacrylate  macromolecule  is 


CH,  CH,  CH,  CH, 

-CH.-d: k— CH,— — — C— CH,— 

0-i  (Uo  O-i  i>0 

A  A  A  A 

n  a  a 

where  R  is  an  aliphatic  radical  with  4  to  22  carbons. 


The  properties  and  effectiveness  of  the  polymers  as  additives 
depend  on  the  size  and  structure  of  the  radical  R.  Polymers  with 
radicals  containing  from  12  to  18  carbons  are  most  effective;  such 
polymers  have  depressor  properties  in  addition  to  their  viscosity 
properties . 

Two  types  of  polymethacrylates  are  produced  in  the  Soviet 
Un. on:  V  (viscosity)  and  D  (depressor). 

Vlnlpols 

Polymers  of  vinyl-n  utyl  ether,  or  Vinipols,  are  used  as 
viscosity  additives  primarily  for  hydraulic  fluids. 


The  main  chain  of  the  Vinipol  macromolecule  is 


K 

« 


1 


t 


— CH,— CH— CH,— CH— 
ic,H,  ic*H, 


Tile  Vlnlpols  used  as  viscosity  additives  have  molecular 
weights  of  9000-12,000.  Below  we  present  the  properties  of  one 
specimen  of  Vinipol  with  a  molecular  weight  of  9000: 


Density  pt# .  0.932 

Refractive  index  n*' .  1.4588 

Conventional  viscosity  at  100°C,  °VC.  312 
Flash  point  (open  crucible),  °C .  21C 
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Commercial  specimens  of  the  polymers  have  Lrca^  fractional 
composition  (Pig.  11.1).  For  example,  polyisobut:  i.  ; -  ith  an  av¬ 
erage  molecular  weight  of  27,000,  separated  by  tne  adsorption 
method  into  narrow  molecular-weight  fractions,  contains  only  about 
30$  of  hydrocarbons  with  molecular  weights  of  25,000-30,000;  the 
remaining  70$  of  the  components  have  molecular  weights  from  5000 
to  50,000.  A  similar  picture  is  also  observed  for  ether  polymers 
(Table  11.1). 


Pig.  11.1.  Fractional  distribution  in  adsorption  separation:  a) 
polyisobutylene  with  m.w.  of  27,000;  b)  poly isobutylene  with  m.w. 
of  17,000;  o)  on  activated  cnarcoal;  •)  on  silica  gel;c.  )  frac¬ 
tional  sedimentation.  A)  Content  of  fractions,  $;  B)  M.w.  *  10“*. 


Pig.  11.2.  Viscosity  change  of  20$  polyieobutylene  solution  (m.w. 
30,000)  in  MK-8  oil  in  the  mechanical  destruction  process  at  var¬ 
ious  3hear  stresses  [*»].  The  figures  on  the  lines  indicate  shear 
stress  in  dynes/cm* .  1)  Viscosity  at  20°C,  poises;  2)  time,  h. 
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TABLE  11.1 


Fractional  Composition  of  Commercial  Speci- 
mens  of  Polyisobutylene  and  Vinipol  [1] 
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6,29 
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7,37 
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8,30 

33000 
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1)  Poly isobutylene  with  average  molecular 
weight  of 

2)  Content  of  fraction,  % 

3)  Molecular  weight  of  fraction 

A)  Vinipol  with  average  molecular  weight  of 

12,000 

5)  Weighted  average  molecular  weight. 
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TABLE  11.2 

Thickening  Ability  of  Various  Polymer  Addi¬ 
tives  Used  in  AS-6  Oil  (after  R.Sh.  Kuliyev) 
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A)  Additive 

B)  Content  of  additive  in  oil,  * 

C)  Viscosity  pro-  ~Mes  of  thickened  oil 
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CtVx*'- 


D)  Viscosity  index 

E)  Polyisobutylene 
P)  Polymethacrylate 


Q)  Vinipol 
H)  Oil  without  add! 
tive . 


Polymer  additives  differ  in  their  ability  to  thicken  oils 
(Table  11.2):  polyisobutylene  takes  first  place,  surpassing  poly- 
methacrylates  and  Vinipols .  However,  oils  prepared  by  thickening 
a  base  with  polymethacrylates  are  considerably  superior  as  re¬ 
gards  viscosity-temperature  properties  to  oils  thickened  with 
other  polymers . 

The  thickening  tendency  of  polymers  depends  on  their  concen¬ 
tration  in  the  oil  (Table  11  3)  and  on  their  molecular  weights 
(Tables  11.4  and  11.5).  All  polymer  viscosity  additives  are  sub¬ 
ject  to  destruction  on  heating  or  severe  mechanical  disturbances, 
with  the  result  that  their  thickening  ability  declines  (Tables 
11.6  and  11.8  and  Figs.  11.2  and  11.3,  a  and  b).  The  higher  the 
molecular  weight  of  the  polymer,  the  more  liable  it  is  to  destruc¬ 
tion.  Polymethju  i  ylates  and  ^'inipols  are  more  susceptible  to  de¬ 
struction  than  polyisobuty ienes .  The  extent  of  destruction  also 
depends  on  the  concentration  of  the  polymer  in  the  oil  and  the 
duration  of  the  mechanical  or  thermal  disturbance.  The  only  pos¬ 
sible  way  to  counter  mechanical  destruction  is  to  use  polymers  of 
relatively  low  molecular  weight  (3000-50C0)  to  thicker  the  oil. 
Additives  are  used  in  tne  oil  tc  prevent  thermal  destruction  of 
the  polymers.  Usually,  antioxidant  additives  serve  this  purpose 
(Table  11.7  and  Pig.  il.4). 


Pig.  11.3.  ^.traction  of  5*  polymer  solutions  in  turbine  oil  22 
(L)  in  oxygen  (a)  a  -  air  (b)  at  150°C  [5):  1)  Vinipol  (m.w. 

12,000);  2)  same  +  2f  i.'***  naphthenate;  3)  polymethacrylate  (».w. 

±2,0 00);  t)  sane  ♦  2f  iro.  "iphthenate;  5)  polyisobutylene  (e.w. 

20,000);  6)  same  ♦  ?.%  iron  naphthenate.  A)  Solution  viscosity,  S 

of  lnltiaA,  B)  heating  time,  h. 
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TABLE  11.3 


Influence  of  Polyisobutylene  on  Oil  Viscos- 
lty  (after  Ye.Q.  Semenldo) 
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A)  Concentration  of  m.w.  20,000  polyieobu- 
tylene  in  0112  % 

B)  Viscosity  (cSt)  at 

C)  Industrial  12  (spindle  2) 

D)  Avtol  . . . 


Fig.  11. A .  Change  in  viscosities  of  thickened  oils  with  various 
additives  during  heating  [6]:  1)  transformer  oil  ♦  101  Vinipol 
(150°C);  2)  same  ♦  0.5*  p -hydroxy dipheny laaine ;  3)  transformer 
oil  ♦  10*  Vir.xpol  (200°C) ;  *?)  same  ♦0.5*  p-hydroxydipheny laaine; 
5)  transformer  oil  ♦  10*  polymethacrylste  '200°C);  6)  same  ♦  1* 
p-hydroxydipheny laaine;  7)  spindle  oil  ♦  10*  Vinipol  (150°C);  8) 
same  ♦  0.5*  p-hydroxydipheny laaine ;  9)  spindle  oil  ♦  10*  Vinipol 
(200®C);  10)  same  ♦  1*  p-hydroxydipheny laaine;  11)  synthetic  oil 
36/1  ♦  10*  Vinipol  (150*0;  12)  same  ♦  0.5*  p -hydroxy dipheny 1- 
aalne;  13'  synthetic  oil  36/1  ♦  10*  Vinipol  (200*0;  1*)  same  ♦ 

♦  0.5*  p-hydroxydipheny laaine;  15)  synthetic  oil  36/1  ♦  10*  poly- 
methacrylate  ( 150° C) ;  16)  same  ♦  1*  p-hydroxydiphen/ laaine ;  17) 
synthetic  oil  36/1  ♦  10*  polymethacrylate  (200°C);  13)  same  ♦  1* 
p-hydroxydipheny laaine .  A)  Oil  viscosity,  t  of  initial;  B)  heating 
time,  h. 


Oommep 


Smucti  (•  mm)  apt 


*. 


U  O  o  w 

&  i  *  * 

I  I  I  I 


nam*o6fTUMi 


3COOO 

4.1 

747 

645 

1045 

1240  15.1 

184 

20000 

55 

748 

9.12 

1040 

1240  15,1 

184 

10000 

82 

7*5 

8.90 

10.56 

1256  152 

184 

5000 

12-0 

7.70 

688 

1044 

1242  15.1 

184 

18000 

64 

8.20 

9.45 

10,70 

1240  154 

184 

10000 

9,7 

620 

9-18 

1040 

1240  152 

1*2 

— 

_ 

147 

148 

2.16 

141 1  24 

147 

TABLE  11.6 

Influence  of  Polymer  Molecular  Weight  on  Thermal  Destruction  (af¬ 
ter  Ye.G.  Semenido) 
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•nCB  is  the  oil  viscosity  stability  index  in  %  (the  viscosities  of 
the  oils  after  \2  hr  of  heating  are  compared  with  the  initial  vis¬ 
cosities}. 


Polymer  molecular  weight 
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Change  in  oil  viscosity 
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solutions  of  polyraers 

ing  depolymerization  at 

(cSt )  at  100°C 

4) 
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5) 

Poly isobutylene 

6) 

Vinipol. 

TABLE  11.7 

Influence  of  Antioxidant  Additives*  on  Depolymerixaticn  Stability 
of  5%  Polyisobutylene  Solution  in  Turbine  Oil  [2J _ 
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TABLE  11.8 


Change  In  Viscosity  of  Thickened  Oils  as  a 
Result  of  Mechanical  Destruction  of  Polymer 
ac  20°C  in  K.I.  Klimov's  Rotary  Tester  L3] 
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of  20,000 
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TABLE  11.9 

Properties  of  Voltols  (after  Yu. A.  Pinkevich) 
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Oils  with  viscosity  additives  (m.w.  15,000-25,000  polyisobu¬ 
tylene)  AKZp-6  and  AKZp-10  are  produced  in  the  Soviet  Union  (All- 

Union  State  Standard  [AUSS]  (fOCT)  1862-60).  These  are  automotive 
oils  used  chiefly  in  the  middle  belt  of  the  country. 

Small  quantities  of  voltols  (Table  11.9),  which  are  obtained 
by  subjecting  paraffin  and  petroleum,  vegetable,  and  animal  oils 
and  mixtures  thereof  to  high-voltage  discharges  (several  thousand 
volts),  are  used  abroad  as  viscosity  additives. 

2.  DEPRESSOR  ADDITIVES 

The  depressor  additives  now  in  practical  use  include  alkyl- 
naphthalenes,  alkylphenol  derivatives,  esters  of  alky lphenols  and 
phthalle  acid,  and  certain  polymethacrylates.  The  alkylnaphtha- 
lenes  include  the  AxNII  (AUSS  8443-57)  and  Paraflow  (USA)  depres¬ 
sor  additives.  The  alkyl  chains  of  these  additives  contain  22-24 
carbarn  . 

Below  we  list  the  properties  of  the  AsHII  depressor: 


Depression  on  addition  of  0.1$  of  additive  to  AK-15 

oil  with  pour  point  not  above  -5°C,  in  °C,  not  below  10 

Ash,  $,  not  above.... . . .  0.2 

Coking  capacity,  $,  not  above .  3.5 

Mechanical  impurities ,  t,  not  above .  0.15 

Water-soluble  acids  and  alkalies .  Hone 

Water . 

The  Paraflow  additive  has  the  following  properties: 

Pour  point,  °C .  15-20 

Coking  capacity,  % .  3-2-5. 8 


<f.V'  ariMfes*. 
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0. 5-1.0 
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Ash,  % . . 

Elementary  composition,  $: 

C . 87.0 

H . 12.0 

Density  at  20°C,  g/cm* .  0.905-0.925 

Kinematic  viscosity  at  100°C,  cSt .  85-140 

Molecular  weight . . . . .  800-900 


These  additives  are  usually  employed  in  concentrations  of 

0. 5-1.0$. 

The  alkylphenol  derivatives  include  the  additive  AsNII- 
TsIATIM-1  ( AaJfBY-IjMAfttM-i ) ,  which  has  the  following  properties  (AUSS 
7189-54): 

Kinematic  viscosity  at  100°C,  cSt .  32-60 

Acid  number,  mg  of  KOH  to  1  g  of  additive,  no 

mere  than .  0.5 

Mechanical  impurities,1  $,  not  above .  0.15 

Including  those  dissolved  in  water,  $,  not 

above . 0.10 

Water,  $,  not  above .  0.2 

Ash,  $ . . .  4. 0-5. 5 

Barium,  $,  not  below . 2.0 

Sulfur,  % .  3. 0-4. 5 

Chlorine,  $,  not  above .  2.0 

Pinkevich  corrosion  of  MT-16  base  oil  with  3% 
additive  on  type  S-l  or  S-2  steel  sheet  (AUSS 

3778-56),  g/m* ,  not  above .  6 

PZV  detergent  properties  of  base  oil  FfP-16  with 
3$  additive,  points,  not  above .  3 

A  typical  formula  of  the  additive  is 

O — B* — O 

R-  S~|  ^-8  (H  -C*— C*) 


is  a  ffiultipurpoae  additive  (it  exhibits  anticor¬ 
rosion,  detergent  and  depressor  properties).  Recently,  it  has  been 
used  only  as  a  depressor  additive.  It  is  produced  in  accordance 
with  AUSS  7189-54. 

The  esters  of  alkylphenols  with  phthalic  acid  (Santopure) 
are  also  used  as  depressor  additives. 

The  type  formula  of  Santopure  is 


(X— c* — C*J 


‘/760 


According  to  N.A.  Ragozin,  one  Santopurs  specimen  had  the 
following  properties: 


Density  at  15°C,  g/cra* .  0.89^ 

Kinematic  viscosity  at  100°C,  cSt .  35. ^ 

Pour  point,  °C. . -12 

Coking  capacity,  % .  1.® 

Acid  number,  mg  of  KOH  to  1  g.... .  0.02 


Among  the  polymethacrylates  (see  viscosity  additives),  poly- 
nethacrylate  D  exhibits  depressor  properties. 

Depressor  additives  adjust  the  pour  points  of  oils  when  they 
are  affected  by  formation  of  a  paraffin  crystal  lattice.  Hence  the 
effectiveness  of  these  additives  is  conspicuous  only  in  paraffin-  » 

base  oils  that  contain  dissolved  solid  paraffinic  hydrocarbons 
(Table  11.10).  Depressor  additives  do  not  influence  the  cloud 
points  of  the  oils  (see  Table  11.10).  Santopure  is  more  effective 
than  Paraflow  (Table  11.11).  Use  of  the  Santopure  additive  is  es¬ 
pecially  advantageous  when  the  oils  have  high  paraffin  contents. 

TABLE  11.10 


Effectiveness  of  Paraflow  Depressor  C 7 J 


A)  Oil 

B)  Cloud  point,  °C 

C)  Pour  point,  °C 

D)  With  high  paraffin  content 

E)  Same  ♦  II  Paraflow 

F)  With  minimum  paraffin  content 

0)  Asphalt  base  with  natural  low  pour  point. 


TABLE  11.11 


* 
i  • 


Comparative  Effectiveness  of  Santopure  and 
Paraflow  [8] 


1)  Oil 

2)  Solid  hydrocarbon  content  in  oil,  t 


mk fcf f  afrksm  ig-  «■*  a  TJ 
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P 


3) 

4) 

5) 

6) 
7) 


Depressor  content  in  ci  % 

Effect  when  oil  contains  additive 
Santopure  8)  Transforrner 

Paraflow  9)  Industrial 

Aviation  10)  Spindle. 


TABLE  11.12 


A 


Influence  of  Depressor  Additives  on  Pour 
Points  of  Oil  Fractions  (after  A.M.  Kuliyev, 
R.Sh.  Kuliyev,  M.I.  Aliyev) 


nptAMti 

KMtKM 

•c 

2 

TLamnxrh 
•  • 

3  Hiukit» 

etc  KM 

Mt*OCT» 

op*  $©*C. 
cor 

•»  Ti— parff  i  aacna— m 

f**o 

1- 

‘j*. 

7  a  MT 

"*SSS* 

*  Giait 

•scrim  a 

300-320 

0,8718 

385 

-45 

-70- 

320-340 

0,8811 

583 

-43 

66 

— 4i 

340-360 

0,8901 

882 

-42 

—83 

— €4 

360-380 

0,8921 

1182 

-40 

-58 

-57 

380-  400 

08974 

18.90 

—34 

-52 

-A 

*00—420 

0,9029 

3081 

-32 

-44 

-tt 

420-440 

0,9103 

47,14 

—29 

-38 

-18 

440-460 

0.9184 

97,50 

-25 

-a 

480-480 

08147 

11088 

-24 

—34 

-»  : 

(IKMII  1 

>•#*8 

300-320 

!  0,9097 

4,78 

—94 

320-340 

0.9192 

683 

—55 

-58 

-so 

340-360 

0.9224 

1088 

-52 

—S3 

-48 

380-380 

0.9240 

1588 

-49 

— 17 

—47 

380-4(00 

08280 

2581 

-40 

-80 

-42 

400-420 

08337 

6088 

-30 

-30 

-31 

420  -440 

0.9398 

11284 

-24  ' 

-35 

-18 

440-480 

08451 

222.08 

-17 

-17 

-18 

460-480 

0,9447 

309.58 

-18 

-•« 

-18 

1)  Fraction  boiling  range,  °C 

2)  Density 

3)  Kinematic  viscosity  at  50°C,  cSt 
*0  Pour  point,  °C 

5)  Initial  fraction 

6)  With  0.3*  AzNII-TsIATIM-l 

7)  With  0.3*  AzNII  depressor 

8)  Balakhany  oily  crude 

9)  Balakhany  heavy  crude. 


Residual  oils  containing  solid  ceresln  hydrocartons  (which 
have  a  crystal  structure  differing  from  that  of  paraffin)  are 
rather  unresponsive  to  depressor  additives.  However,  Santopure  is 
slightly  more  effective  than  Paraflow  even  In  this  case. 

Distillate  oil  fractions  are  more  responsive  to  depressor  ad 
ditives  than  are  the  residual  products.  However,  their  responsive 
ness  decreases  with  increasing  boiling  point  (Table  11.12). 
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TABLE  11.13 

Properties  of  Alkylated  Hydrocarbons  with 
Various  Side  Chains  [9] 


1 


2  jbwuoaaSwoi 


•  ami  i  in 


t  MwwetMMiyiw 
»  Jlnwrajurpaera 
o 

t  JiMtMwrymi 
2  tMHBTMWTUW 
|  MMMWMIirfjiW 
k  ^Imarsjrrrrf  ' 

>  <a«upma»7f»>-  :p»,»  (<mnm 


2  «  /iMpMcop  Atlf  il 
luvmttwi) 


cop  Aillllii ;» 


CtHu-CjH, 

CuH«— CJH, 


(C*Hi»!f* — CjtH* 

ll&£spr 


»  MUtXora  I  (ChH^-CmH, 


1)  Additive 

2)  Poraula 

3)  Amount  of  additive,  % 

k)  Pour-point  depression  of 
AK-15  oil  with  additive, 
°C 

5)  Monoheptylbensol 

6)  Diheptylbensol 

7)  Trlheptylbenaol 

8)  Nonocetylbensol 

9)  Dlcetylhenaol 

10)  Tricetylfc.m*ol 

11)  Nonoalky lbentol  (paraf¬ 
finic  alkyl  chain) 

12)  Dialky lbentol  (paraffinic 
alkyl  chain) 

13)  Nononeptylnaphthalen* 


lk)  Dlheptylnaphthalene 

15)  Monocetylnaphthalene 

16)  Dicetylnaphthalene 

17)  Dialky lnaphthalene  (paraf 
finic  alkyl  chain) 

18)  Mono cetyl ant hr scene 

19)  Dicetylanthracene 

20)  Monoheptyltetralin 

21)  Diheptyltetralln 

22)  Trlheptyltetralin 

23)  Monocetyltetralin 
2k)  Dlcetyltetralin 

25)  Dlalkylphenanthrene  (par¬ 
affinic  alkyl  chain) 

26)  AtNII  depressor  (refinery 
prepared) . 
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TABLE  11. 14 


Influence  of  Polymethacrylate  D  Concentra¬ 
tion  on  Pour  Point  and  Viscosity  of  Selec¬ 
tively  Refined  Oils  [73 


JL_ 

2  "» 

M*C 

tore 

mmmgmm. 

,  A  . 

4  A  +  aapaccop: 

0M%  . 

5  B  M*  :::::::: : 

O  B-f-Aupaccop: 

045% . 

0.50%  . 

0,75%  . 

12J7 

13,70 

1446 

20  » 

20.40 

2049 

2040 

21.75 

5142 

2035 

348 

341 

4. U 

5.11 

M3 

Sjfl 

547 

549 

747 

5, a 

-25 

-44 

—44 

-17 

-» 

-41 . 

1.0%' . 

7  B  . 

—is 

-M 

6  B+wy>«ecop: 

2045 

2242 

543 

541 

j5 

0A% . 

0,75%  . 

2347 

2443 

543 

347 

-U 

-IS 

t;o% . 

1)  Oil 

2)  Viscosity  (cSt) 
at 

3)  Pour  point,  °C 

4)  A  +  depressor 


5)  B 

6)  B  ♦  depressor 

7)  V 

8)  V  +  depressor. 


TABLE  U.  15 

Properties  of  Poly methacrylate  D  and  AsNII- 
TsIATIM-1  Additive  (according  to  All-Union 
Scientific  Research  Institute  for  the  Petro¬ 
leum  Industry  [AUSRI  PI]  (3HMM  Mn)) 


| 
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TABLE  11.15  (continued) 


•Oils  from  mixture  of  eastern  sulfur-con¬ 
taining  crudes. 


A) 

B) 

C) 

D) 

E) 
P) 

0) 

H) 

I) 

J) 

K) 

L) 


Oil* 

Conventional  molecular  weight  of  noly- 
metnaerylate 

Pour  point  of  initial  oil,  °C 

Pour  point  (°C)  after  introduction  of 

additives 

Poly methacrylate 

AaNII-TaIATIK-1 


AS -9. 5 

Distillate  ( v i # 5  «  6.H  cSt) 
AS-5  (v m  -  9.*  cSt) 


IS-20 

IS-12 

300-*00°C  frac¬ 
tion 


M)  Same 

N)  MS-20 

O)  Type  MS-2C. 
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TABLE  11.16 


Compatibility  of  Polymschacrylate  (Depressor) 
with  Multipurpose  Additives  when  Used  in  In¬ 
dustrial  Oil  20  [2] 


<•  3*  BHtUI  HI1-3S0  .  . 
Ilia . 

« cs* 

7  4.5*  MHH  m  n  .  . 

*  To  m . 

*  4*  AsHHH-S . 

*  To  . 

*  3%  UHATHW-33S  .  .  . 
1#  3*i  UHATMM-JJS-M* 

AC-‘4  . 


04 

04 

lb 

04 

04 

0'4 


04 

04 

04 


-at 

-41 

-OS 

-28 

-27 

—28 

-27 

—32 

-02 

—it 


tar* 

To 


W 


0,4%  swucow  A*2£’rTK| 
8%  AoHHH-UlATItW-a 
f*  BHHM  HA-OB-t  i%\ 
AtKKH-l^HATKU'i 
Mocjm  5m  tHewi  .  * 
Tom . 


04 
04 
04 
I- 
o  _ 
» 


04 

04 

1J» 


•The  structure  and  composition  of  the  DF-11 
and  DP-1  additives  are  given  in  Table  U.il. 
For  the  depressor  additives  AsNII  and  AtH.TI- 
TsIATIM-l,  see  page  ...  and  Table  11.13;  for 
additive  MHI  IP-22,  see  page  1089;  VNII  Nf  - 
360,  page  1087;  AxNII-6,  page  .  SB-3, 
page  and  TaIATIM-339,  page  1086. 


1)  Multipurpose  additive* 

2)  Polyoethacrylate  content,  * 


3)  Pour  point,  °C 
t;  31  VHII  NP-360 

5)  Sane 

6)  7.5 *  SB-3 

7)  4.5*  Jill  IP-22 

8)  4*  AsHII-8 

9)  3 <  TaI.vriM-339 

10)  31  TsIATIM-339  ♦ 

♦  i*  DP-11 


11)  3-5*  DP-11 

12)  3-5*  DP-1 

13)  0.4*  AsNII  de¬ 
pressor 

14)  3*  AsNII-TsIATIM-1 

15)  3*  VHII  HP-360  ♦ 

♦  1*  AxNII- 
TslATIM-1 

16)  Oil  without  addi¬ 
tive. 


Depressors  are  not  effective  with  paraffin-free  tarry  crudes 
(such  as  heavy  Balakhary).  The  effectiveness  of  depressor  addi¬ 
tives  depend#  basically  rn  the  length  of  the  alkyl  side  chains  on 
the  aromatic  rings.  The  longer  the  side  chains,  the  acre  effective 
the  additive.  Compound*  in  which  two  alkyl  radicals  with  normal 
structure,  containing  24  carbons  each,  are  attached  to  the  aro¬ 
matic  ring  are  most  effective  (Table  11.13). 

Usually,  rather  small  quantities  of  the  depressor  additives 
are  all  that  is  needed  to  depress  the  pour  points  of  the  oils.  In 
the  case,  for  example,  of  polyaethaerylata  D,  the  optimum  c  on  cen¬ 
tra  1 1  on  is  0.25*  (Table  11.14).  A  further  increase  in  the  additive 
concentration  in  the  oil  has  practically  no  effect  on  its  pour 
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point.  Polymethacrylates  D  with  molecular  weights  around  17,000 
are  particularly  effective  (Table  11.15).  Addition  of  0.25)*  of 
thia  additive  to  the  oils  is  more  effective  than  1$  of  AzNII- 
TsIATIM-l  additive. 

However,  polymethacrylate  D  haa  one  important  short coming  - 
it  haa  poor  compatibility  with  many  multipurpose  additives.  Its 
addition  to  oils  containing  multipurpose  additives  la  frequently 
leas  effective  than  addition  to  the  pure  base  oil  (Table  11.16). 

3.  ANTIOXIDANT  ADDITIVES 


Antioxidant  additives  are  classified  on  the  basis  of  their 
nature  and  the  mechanism  of  their  action  as  a  function  of  oil 
working  conditions  and  composition. 


1) 

2) 

3) 


A) 

5) 

6) 
7) 
6) 
9) 

10) 

U) 


TABLE  11.17 


Influence  of  Antioxidants  on  Oxidation  of 
white  Oil  at  130° C  [10] 


•The  minus  sign  indicates  that  addition 
shortens  the  induction  time,  i.e.,  the  com¬ 
pound  accelerates  oxidation  of  the  oil. 


Compound 

12) 

Hydroquinone 

Pormula 

13) 

Oxanilide 

Retardation  of  oxidation 

It) 

Diphenyl  guard  dine 

by  0.011  of  additive,  hr 

15) 

6 -Naphthy lamlne 

Phanylisocyanide 

\6) 

Ethy  l-o -naphthy  lasine 

p-Toluldine 

l7) 

Kethy  l-o -naphthy  iasalne 

w,3-Xy  Udine 

16) 

c -Naphthy  lasine 

Quinoline 

19) 

p-Aminophenol 

BI pheny l 

20) 

Diphenyl  asdne 

Aniline 

21) 

Pheny l-o -naphthy 1 amine 

To 11 dine 

Pheny lhydraz 1 ne 

22) 

Dlphenylhydraslne. 
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Antioxidant  additives  (or,  as  they  *re  frequently  called,  an¬ 
tioxidants)  whose  mechanism  is  based  or.  .-heir  ability  to  form  oxi¬ 
dative  chains  are  used  for  relatively  deeply  refined  oils  used  at 
temperatures  not  above  100-120°C.  Those  antioxidants  include  com¬ 
pounds  of  an  aminic  or  phenolic  nature,  e.g. ,  phenyl-a-naphthyl- 
amine  (Neozo n-a)  „  p-dihydz'oxydiphenylaraine,  2,6-di-tert-butyl-4- 
methylphenol  (Xonol),  certain  nitrogen,  sulfur,  and  phosphorus 
compounds,  and  others.  Parahydroxydiphenylamine,  phenyl-a-naph- 
thyl&mine  and  others  are  added  to  deep-refined  oils  (turbine  and 
transformer  oils,  MK-8  Jet -engine  oil,  etc.)  in  amounts  of  0.01- 
0.02$,  and  Ionol  in  amounts  of  0.2-0. 1%.  Such  additives  are  most 
effective  when  used  In  unstable  white  oils  (vaseline,  medical), 
from  which  the  natural  antioxidants  have  been  extracted  during  re¬ 
fining  (Tables  ll.17-ll.2l).  Some  antioxidants  are  capable  of  low¬ 
ering  the  oxidizability  of  these  oils  by  tens  or  even  hundreds  of 
times  (see  Table  13.21).  Addition  of  antioxidants  to  turbine  ;\nd 
transformer  oils  is  also  quite  effective;  the  stability  of  the 
oils  i»  several  times  higher  (Tables  11.22-11.24). 

Screened  phenols  have  acquired  particular  importance  in  re¬ 
cent  years  as  antioxidant  additives  (Table  11.25).  They  dissolve 
well  in  the  oil*  and  are  not  precipitated  from  them  at  low  tem¬ 
peratures.  The  additive  2,6-dl-t«rt-butyl-*J-methylphenol,  which 
is  known  as  Ionol  here  and  in  the  USA,  as  Topanol-0  in  England, 
and  as  Kerobit  in  the  PRO,  has  come  into  practical  use. 

High  antioxidant  activity  is  also  found  in  the  Ms-phenols 
and  their  sulfur  derivatives  (Table  11.26) 

Antioxidant  additives  may  also  be  highly  effective  when  the 
oxidation  process  is  catalyzed  by  oxidation  accelerators:  the 
metals  .'u  ?e,  Mn  or  their  salts  (Table  11.27). 

K.I.  Ivanov  et  al.  classify  oxidation  inhibitors  into  three 
groups  in  accordance  with  the  age  of  the  oxidation  process  at 
which  they  are  most  active  (Table  11.26).  The  additives  of  the 
different  groups  behave  differently  with  inspect  to  hydrocarbon 
and  peroxide  radicals  (Pigs.  13.5  and  11.6).  Tnus,  group  I  anti¬ 
oxidants  are  effective  only  when  introduced  into  the  oil  before 
the  end  or  tne  induction  period,  those  of  group  II  when  added 
either  in  the  initial  stage  or  in  the  process  of  active  develop¬ 
ment  of  the  oxidation  process.  Group  III  antioxidants  are  capable 
of  retarding  oxidation  when  introduced  into  the  oil  during  the 
induction  phase  or  during  the  autocatalytic  stage  if  oxidation 
has  not  progressed  too  far. 

It  has  been  shown  that  mixtures  of  antioxidant  additives  from 
different  groups  have  the  highest  activity.  The  phenoxaenon  in 
which  a  mixture  of  additives  is  found  to  be  more  effective  than 
each  additive  taken  alone  in  the  same  concentration  is  known  as 
"synergism"  (Tables  11.29  and  11.30  end  Figs.  11.7-11.9). 

Working  from  the  mechanism  of  the  antioxidant  effect,  R.A. 
Lipshteyn,  A.Ya.  Kikhel'son  and  Ye.R.  Shtem  classified  a  number 
of  the  best-known  additives  by  a  Kinetic  approach  that  they  de¬ 
veloped  themselves  (Table  11-31). 


-  68)  - 


-  <*-  -  — feirtafarf — .  c;. 


TABLE  11.18 


Influence  of  Various  Phenols  on  Oxidation  of 
Medical  Oil  fill 


Note  Oxidation  by  oxygen  in  Butkov  "bonto” 
at  150°C  and  pressure  of  15  atm  for  3  h. 
Weight  of  oil  taken:  5  g- 


1) 

Additive 

9) 

Pyrocateehol 

2) 

Formula 

10) 

Traces 

3) 

Acid  number,  mg  of  XOH  to 

11) 

Oil  cloudy,  no  sediment 

1  g 

12) 

Black  gummy  sediment 

<0 

Saponification  number,  mg 

13) 

Same 

of  KQH  to  1  g 

1*0 

Rydroquinone 

5) 

Acid  products,  % 

15) 

No  sediment 

6) 

Condensation  products,  % 

16) 

Suspended  black  sediment 

7) 

Total  oxidation  products. 

17) 

Resorcinol 

3 

18) 

Small  amount  of  sediment 

8) 

Remarks 

19) 

Pyrogallol 

» 


I 
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20)  Black  sediment  in  sus-  23) 

pension  2k) 

21)  Phloroglucinol  25) 

22)  8-Naphthol 

TABLE  11.19 


Influence  of  Araines  on  Oxidation  of  Medical 
Oil*  [11] 


1 

npaeum 

2 

•op njm 

Kneltor- 

■0* 

<we»o, 

JW  Kok 

in  1  i 

4 

omim> 
mm, 
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5 
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6 

nsBw 

•SSTaT 

7  Axbju: 

0.1% 

NH, 

1 
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23.1 
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•1% 

/\ 
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744 

284 

254 

3% 

I  I 

2.5 

24 

14 

84 

5% 

U 

14 

t.i 

54 

10% 

04 

— 

04 

2.7 

8  p-Hafrijaiui: 

0.1% 

^yv/NH* 

84 

8.7 

84 

104 

1% 

1 1 J 

04 

3.1 

24 

3.7 

3% 

w 

9CMJOI 

14 

14 

14 

% 

i 

9Cj*jh 

M 

5.1 

» 

» 

0.7 

ai 

■0  Mi«o  6m  trpwetjpm 

454 

834 

304 

15.7 

Suspended  sediment 
Oil  without  additive 
Dark  gummy  sediment. 


•Oxidation  conditions  similar  to  chose  indi¬ 
cated  in  Table  11.18. 

1)  Additive 

2)  Formula 

3)  Acid  number,  mg  of  KOH  to  1  g 

A)  Saponification  number,  mg  of  KOH  to  1  g 
5)  Acid  products,  % 

6}  Condensation  products,  i 

7)  Aniline  9)  Traces 

8)  S-Naphthylaraine  1C)  Oil  without  addi¬ 

tive  . 


-  683  - 


TABLE  11.20 


Influence  of  Nitrogen-Containing  Heterocy- 
clice  on  Oxidation  of  Medical  Oil*  [11] 


I 

2 

yiloi 

no# 

n 

mm 

— 

npmupa 

jTxok 

JU  KOB 
n  i  i 

T" 

TSmT 

Ull 

7  Itapusa: 

0,1% 

524 

— 

284 

£6i 

i% 

3% 

L  1 

49.7 

994 

31,7. 

26,1 

VO 

no 

270 

264 

5% 

46.1 

90,1 

25J 

284 

m 

46.6 

MS 

26.7 

264 

8  Xnton: 

‘1 

(Y\ 

4&0 

aoxj 

25.7 

284 

m 

LI  j 

474 

814 

250 

234 

45,0 

*— 

no 

184 

9  Macao  6m  apn- 
cun 

46.0 

83  X) 

300 

15.7 

•Oxidation  conditions  similar  to  those  indi¬ 
cated  in  Table  11.18. 

1)  Additive 

2)  Formula 

3)  Acid  number,  mg  of  KOH  to  1  g 

4}  Saponification  number,  mg  of  KOH  to  1  g 

5)  Acid  products,  % 

6)  Condensation  products,  $ 

7)  Pyridine  9)  Oil  without  addi- 

8)  Quinoline  tive. 


TABLE  11.21 


Antioxidation  Properties  of  Phosphites  and 
Aminophenol  Compounds  [11] 


1 

2 

OonMtwm  m  roCT  MI-41 

* 

Imiirnn 

a 

mww 

•  DfMTM 

m  KOB 
m  1  * 

o&tmm 

JSni 

>  041%  >-o«ou4du- 

*  0,01%  rpa6]fTBHo«4sTS 

I  «  0,01%  T?a+«U4+oct«n 

I I  Macao  6m  tpmum 

C,H*N  HC,H*0H 
(C*H,0%P 
(C,K,0%P 
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•  Hot 
• 

• 

t 

•  H*t 
i 

1  2* 

bn 

1) 

Additive 

7) 

0.01$  p-hydroxydiphenyl- 

2) 

Formula 

amlne 

3) 

AUSS  981-55  oxidiaability 

8) 

No 

U) 

Acid  number,  mg  of  KOH  to 

9) 

0.01$  tributyl  phosphite 

I  S 

10) 

0.01$  trlphenyl  phosphite 

5) 

Sediment 

11) 

Oil  without  additive 

6) 

Water-soluble  icids 

12) 

Yes . 
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TABLE  11.22 

Influence  of  Sulfur  Compounds  on  Autooxida- 
tlon  of  Commercial  Turbine  Oil  Til] 


1 
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% 
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nr 

7 

AnonuKjnfru 
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(MM 
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OuM 
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•  Bn 

• 

0.K) 

Ml 

• 

1  S 

a-4»uuvTiuo»pKaBTai 

H/T-CH-SH 

OuM 
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• 

ifit 

n 

0,10 

OuM 

AM 

1  • 

a-A«VUT*o+m 

OuM 

04t 

OUOS 

0 

Vxa 

040 
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| 

OuM 

1  7 

Tmwtpta 

aA/V 

OuOt 
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•  8m 

» 

0QQ 

0.10 

041 

1 

» 

1  • 

Uku  6m  Dineun 

Y  v 

; 

0M 

] 

AM 

1)  Additive 

2)  Formula 

3)  Content  of  sulfur  com¬ 
pound,  t 

4)  AUSS  981-55  stability 

5)  Acid  number,  mg  of  KOH  to 
1  g 

6)  Sediment,  % 

7)  Dinonyl  sulfide 

8)  None 

9)  Diphenyl  sulfide 


10)  Dibensyl  sulfide 

11)  Dinonyl  disulfide 

12)  Diphenyl  disulfide 

13)  Traces 

1*1)  Thio-S-naphfchol 

15)  a-Phenylethyl  mercaptan 

16)  a-Decylthlophene 

17)  Thisnthrene 

18)  Oil  without  additive. 
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TABLE  11.23 


Influence  of  Sulfonylamide  Confounds  on  Auto 
oxidation  of  Oils  [12] 
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9  (foot  ftii-M) 

01  111,1  ***** 
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4  _ 

?sar 

M  |  * 
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• 
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1) 

Product  oxidised 

11) 

No 

2) 

Additive  formula 

12) 

0 .021  2-p-amlnobensolsulf- 

3) 

Oxl disability  (A0SS 

amldopyrldlne  (sulfldlne) 

4) 

981-55) 

13) 

0.011  p-hydroxydlphenyl- 

Acid  number,  mg  of  KOH  to 

amlne 

1  g 

14) 

Turbine  oil  22  (I,),  In  use 

5) 

Sediment,  1 

(acid  number  0.15  mg  of 

6) 

Water-soluble  acids 

KOH  to  1  g) 

7) 

Turbine  oil  30  (UT)  with¬ 

15) 

Same  ♦  additive 

out  additive  (acid  number 

16) 

0.021  sulfldlne 

0.018  mg  of  KOH  to  1  g) 

17) 

Traces 

8) 

Yes 

18) 

0.011  p-hydroxydlphenyl- 

9) 

10) 

Same  +  additive 

0.021  sodium  o-sulfony 1- 
amlnobensoate  (eulfan- 
throl) 

amlne . 
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TABLE  11.24 

Influence  of  Antioxidants  on  Stability  of 
Oils  by  VTI  Method  [13] 
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U.1 

101 

14 
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240 

640 

006 

046 
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at 

046 

04ft 

006 

0.10 

140 

0.1 

IOO 

146 

Mltlllll 
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— 

340 

60S 

006 
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at 

140 

340 

006 

340 

640 

0.1 

340 

640 

— 

toa 

340 

04 

041 

046 

04 

041 

141 

Not*.  AsNII-11  additive  Is  a  product  of 
formaldehyde  condensation  of  the  alkylphenol 
obtained  by  alkylation  of  phenol  In  frac¬ 
tions  (100-l80°C)  of  the  thermal -cracking 
distillate  of  paraffin  and  urea. 

AxNlI-llf  additive  is  a  product  of  conden¬ 
sation  of  industrial  alkylphenol  with  fur- 
furwalde  where  R  ■  C*. 


1) 

Product  oxidised 

8) 

2) 

Amount  of  additive,  S 

9) 

3) 

Amount  of  sediment,  f 

10) 

*) 

Acid  number,  mg  of  KOH  to 

11) 

1  S 

12) 

5) 

Oxidation  temperature  ... 

13) 

6) 

MK-8  oil  without  additive. 

specimen  . . . 

7) 

Same  ♦  additive 

AsNII-llf 

Ionol 

p-Hydroxy dipheny 1 amine 
rheny 1-o-naphthy 1 amine 
AaNII-11 
Mt-6  oil. 
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TABLE  11.25 


Antioxidant  Properties  of  Various  Alkylphe 
nols  [14] 
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OB 
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13  l-’+Brna-h+n-mpm  9f 

C*8* 

OH 

ST* 

14  HtWffll  MM 

u 

72 

1) 

Additive 

9) 

2,  tl-Diaethyl-6-tart-butyl- 

2) 

For»u la 

phenol 

3) 

Oxidation  induction  peri¬ 

10) 

tart 

od,  h 

11) 

4-Hethy 1-2 ,6-di-t«rt-bu- 

4) 

Phenol 

tylphenol 

5) 

Cresol 

12) 

4 -Ethyl-2, 6 -di -tart -butyl- 

6) 

2,8-Xylenol 

phenol 

7) 

2,8-Diaeth/l-d-#«e-butyl~ 

13) 

o-« -Butyl-2, 6-di -ter t-bu- 

phenol 

tylphenol 

8) 

990 

18) 

Original  oil. 
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TABLE  11.26 

Effectiveness  of  Antioxidant  Additives  of  the  Sereened-Phenol  Type 
[15]  (AC8S  981-55  Oxidation) 


9  te-P**j*i**4*^i.*'K*- 

mpm  tynn  1  nnuh 
■M) 


12 

mpm  9ft mm  » 

BM) 


13  J,  *-A  ■ 

«w4mm  (bowm) 


TpBM+OpMHopMO  MMM 
m  m§nmn  Mfral 


Mil 


ajM 


Ml 


UN 


1)  Additive 

2)  Pormula 

3)  Additive  concentration,  % 

*0  Acid  number,  mg  of  KOH  to  1  g 

5)  Sediment,  % 

6)  Low-molecular  aclda,  % 

7)  Nonvolatile 

8)  Volatile 

9)  2,2-Diaulfide-fc<#-( A ,6-di-t*rt-butyl-3-methylphenol) 

10)  tert 

11)  Traces 

1A)  2 ,?-Nethylene-&i»-(A,6-dl-t«rt-butyl-3~a*thylph*nol) 

13)  2,b-Di-t#re-butyl-*-methylphenol  (Ionol) 

1**)  Transformer  oil  from  sulfur-containing  crudes. 
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TABLE  11.27 


Results  of  Simultaneous  Action  of  Retarders 
and  Accelerators  on  Oxidation  of  Hydrocar¬ 
bons  [16] 


1 

a 

tMSflilMI  # 

PM 

M 

Immm 

•  IhiImh 

f  Cnaft*  mm 

» 

{ - 

CJLUL 

rnm 

•  AlTfVM 
ViAJ 

(C^DDOMCs 

ij 

as 

tf 

• 

» 

Of MM*  MM 
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i  *|  Him  |  Bin 

7  9HUn  MSS 

(CbbSooomqs 
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•  Tim 
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<u 
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• 2 %  of  the  oxidation  retarder  was  added. 

1)  Hydrocarbon 

2)  Oxidation  retarder* 

3)  Oxidation  accelerator 

5)  Rate  of  oxygen  absorption  in  1  h,  ml  of 
Os  to  1  ml  of  hydrocarbon 

5)  Ratio  of  unretarded  to  retarded  reaction 
rates 

6)  Ethyl  herisene 

7)  Copper  stearate 

8)  Same 

9)  Anthracene 
1C)  Iron  stearate 

11 )  1-Hethy  l-^l-Iaopropy  Icy  clohexane . 
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Scheme  of  Inhibitor  Mechanisms  [18] 


a  +h. 


BOOH  — *  R. 

.  ■  or* 


**+A,H  — *  BB-f  A>| 
R+Aja®  — ►  BH+A 
BOOH-f  A0H  — *  On* 


*  fhetfoctfuant  wm# 

»‘+0,  — ♦  AO,  ^O.+AoH-^BOOH+AaCMwili 

R°°HfB‘  a00H4AoH  —  CnfaMM^! 

iO.+AjaH  -♦  BOOH4A.n-4.BOL 

JL 


1)  Initial  stages  of  uninhibited  autooxida- 
tlon  of  hydrocarbons  (RH)  in  liquid  phase 

2)  Changes  Introduced  by  retarders  (AH)  of 
groups  I,  II  and  III 

in  $>  Stable  products 

4)  P nd  other  active  7)  Propagation  of 

radicals  chains 

5)  (Inactive  radi-  8)  And  so  forth, 

cal) 
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TABLE  i:  . 

Classification  of  Ar  tiojridant  Additives  (according  to  K.I.  Ivanov) 


o-™-o 

0017 

o-oo 
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007 

H0-O-NH-<3 
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04772 

m<>mX0 

CK, 

'  ±0 
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o*C 
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CA 
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TABLE  11.28  (continued) 


*1)  Kinetics  of  oxidation  process;  2)  retarder  introduced  Into  oil 
before  start  of  reaction;  3)  sa*e,  during  Its  autocatalytic  phase; 
*)  same ,  after  reaching  constant  rate. 
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I 


1)  Group 

2}  Scheme  of  influence  on 
kinetics  of  oxidation 
process* 

3)  Retarders 

4)  Formula 

5)  Retarder  concentration,  % 

6)  Influence  on  thermal  de¬ 
composition  of  hydroper¬ 
oxides 

7)  Interaction  with  free 
radicals  R-  and  ROa • 

8)  Degree  of  oxidation 

9)  Oxidation  time 

10)  Diphenyl amine 

11)  Phenyl-8-naphthylamine 

12)  p-Hydroxydiphenylamlne 

13)  p-Hydroxyphenyl-8-naph- 
thylamine 

14)  Methylaniline 

15)  Dimethylaniline 

16)  Antipyrine 

17)  No  effect  on  hydroperox¬ 
ide  composition 

18)  Reacts  with  R* 

19)  a-Naphthylamine 

20)  a-Naphthol 

21)  p-Phenylenedi amine 

22)  Diethyl-p-phenylenedi- 
amine 


23)  p-Aminophenol 

24)  Hydroquinone 

25)  Di-(4-aminodiphenyl  disul 
fide) 

26)  p-teri-Butylphenol 

27)  tert 

23)  Benzidine 

29)  Actively  promotes  decompo 
sition 

30)  Reacts  with  R02* 

31)  c  -folldine 

32)  B-Naphthylamine 

33)  8-Naphthol 

34)  m-Phenylenedi amine 

35)  Diphenyl-p-phenylenedi- 
amine 

j 6)  Phenyl-a-naphthylamine 

37)  Di-a-naphthyl-p-phenylene 
di amine 

38)  Di-B-naphthyl-p-phenylene 
di arine 

39)  o-Aminophenol 

40)  Diethyl-o-aminophenol 

41)  Resorcinol 

42)  2 ,6-Di-tert-butyl-4-meth- 
ylphenol 

43)  Pyramid one 

44)  Moderate  promotion  of  de¬ 
composition 

45)  Reacts  with  R*  and  RC>2*. 


Fig.  11.5.  Influence  of  hyurocarbon  radicals  on  oxidation  of  oils 
and  effectiveness  of  antioxidants  of  the  various  groups  [17]:  1) 
uninhibited  oil;  2)  uninhibited  oil  containing  source  of  *CHj  rad¬ 
icals;  3)  oil  containing  antioxidant  and  source  of  *CHS  radicals. 
A)  Acid  number,  mg  of  KOH  to  1  g;  B)  group  ...  retarder;  C)  time, 


« 
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Fig.  11.6.  Influence  of  peroxide  radicals  on  oxidation  of  oils  and 
effectiveness  of  antioxidant  additives  of  the  various  groups  [17]: 
1)  uninhibited  oil;  2)  uninhibited  oil  containing  source  of  R02 • 
radicals;  3)  oil  containing  antioxidant  and  source  of  R02  •  radi¬ 
cals.  A)  Acid  number,  mg  of  KOH  to  1  g;  B)  group  ...  retarder;  C) 
time,  h. 


TABLE  11.29 

Influence  of  Group  I  Antioxidants  and  Their 
Mixtures  on  Stability  of  Transformer  Oil 
from  Balakhany  Oily  Crude  [18] 


-  695  - 


1)  Antioxidant  11)  Nonvolatile  acids,  mg  of 

2)  AUSS  981-55  stability  of  KOH  to  1  g 

oil  12)  Volatile  acids,  mg  of  KOH 

3)  Name  to  1  g 

4)  Formula  13)  p-Hydroxydiphenylamine 

5)  Group  in  classification  14)  Phenyl-6-naphthylamine 

6)  Content  in  oil,  %  15)  p-Hydroxydiphenylamine  + 

7)  General  phenyl-3-naphthylamine 

8)  Acid  number  of  oil,  mg  of  16)  Mixture 

KOH  to  1  g  17)  Oil  without  additive. 

9)  Sediment,  % 

10)  Tendency  to  form  water- 

soluble  acids  at  start  of 
aging 


G  KOHuempauua  npucadoK,  nac.% 


Fig.  11.7.  Action  of  mixtures  of  antioxidants  from  various  groups 
on  stability  of  commercial  transformer  oil  made  from  Buzovna  crude 
C 1 3 3 .  A)  Acid  number,  mg  of  KOH  to  1  g;  B)  VTI-8;  C)  phenyl-B- 
naphthylamine;  D)  initial  oil;  E)  0-naphthol;  F)  benzidine;  G)  ad¬ 
ditive  concentration,  %  by  mass. 


Fig.  11.8.  Action  of  mixtures  of  antioxidants  from  the  same  group 
on  stability  of  commercial  transformer  oil  obtained  from  Buzovna 
crude  [18],  A)  Acid  number,  mg  of  KOH  to  1  g;  B)  phenyl-3-naph- 
thylamine;  C)  p-hydroxydiphenylamine ;  D)  initial  oil;  E)  0-naph- 
thol;  F)  Ionol;  Q)  a-r.aphthylamine;  H)  benzidine;  I)  VTI-8;  J)  ad¬ 
ditive  concentration,  %  by  mass. 
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Fig.  11.9*  Action  of  antioxidant  mixtures  on  stability  of  electri¬ 
cal  oils  from  various  origins  [18]:  oil  1  is  a  turbine  oil  from 
Balakhany  oily  crude;  oil  2  is  a  transformer  oil  from  Emba  oily 
crudes;  oil  ?  is  transformer  oil  from  Buzovna  crude;  experimental 
oil  4  is  a  transformer  oil  from  Tuymazy  crude  (S  *  0.7%).  a)  Acid 
number,  mg  of  KOH  to  1  g:  B)  commercial  oil  1;  C)  p-hydroxydi- 
phenylamine;  D)  VTI-8;  E)  phenyl -8 -naph thy lamine;  F)  a-naphthyl- 
amine;  G)  experimental  oil;  H)  additive  concentration,  %  by  mass. 
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TABLE  11.30 

Influence  of  Qroup  I  and  II  Antioxidants  and 
Their  Mixtures  on  Stability  of  Electrical 
Oils  [18] 
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0006 


Tpaac  +  opaatopas*  Macao  {;oaapaoo  aa  ixfoacm 

♦  ta») 


1  S  Jt-Oacaxatoaaa- 

aaaa 

2  l  Ooaaa-^-aa^Taa* 

aan 

2  2  o-Ha^raaaMU 

2  I  a-OKcaAa^aaaa* 
aaaa o-aa^- 
nuan 

2  s  A-OacaAaftaaa- 
ainia  +  a-aa^- 
muaa 

2  a  9«iu-^iafni- 
axaa-f  a-Maf- 
ra.iuua 

1  9  Macao  Oaa  npacaa- 


HOC^H^HC^l, 

I 

0015 

0.22 

003 

0008 

Cl,HTNHCfH, 

1 

002 

027 

008 

— 

CuH^NH, 

II 

frr; 

ii 

006 

OOl  \ 
006/ 

030 

0.12 

006 

006 

0006 

CMtca: 

»«  I 

II 

0006) 
ora  1 

0.13 

004 

0006 

ft? 

II 

5$ 

oo 

008 

004 

— 

- 

- 

057 

005 

0023 

0007 


0007 


0090 


21  Tpaac^opaaTopaot  Macao  (aa  rylMaaaacaoS  aafra; 

coupwaaai  capM  0,7%) 


1  a  a-Oacmaafaaaa- 

aataa 

2  2  c-Ha+nutMaa 

2  >  a-Oaouatacma- 
+  ««af 


i  9  Macao  8aa  apasaa- 


I 

OOl 

045 

— 

6008 

0011 

I! 

006 

045 

019 

_ 

*** 

frr 

11 

OOl  \ 
005 ) 

0,16 

007 

6001 

0010 

— 

— 

040 

006 

•006 

0090 

l»  T)aac+opMaTopaoa  ».(i«  (aa  rylaaiaacial  at|f« 

coaopaiaaai  copM  0.5%) 

1  a  »>Occ*u*t«a*a> 

ataaa 

t  ?  a-Ht+rca 

2  9  a-Oacaaafaaaa- 

ana  -f  a-aa>raa 
l  9  Macao  Ota  apacaa- 


BOC^XHC.H, 

1 

OOl 

028 

606 

•062 

C»*M,OIl 

II 

005 

0.18 

003 

•008 

ft? 

II 

OOl  \ 
005/ 

OOl 

OOl 

0002 

_ 

‘ 

002 

006 

0081 

•OU 

0006 
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1) 

2) 

3) 

4) 

5) 

6) 

7) 

8) 

9) 

10) 


11) 

12) 

13) 


Antioxidant 

Name 

Formula 


uroup  m  classification 
Content  in  oil,  % 

AUSS  981-55  stability  of 

General 

Acid  number,  mg  of  KOH  to 
l  g 

Sediment,  l 

Tendency  to  form  water- 
soluble  acids  at  start  of 
aging 

X'tofg* aeias'  of 

Volatile  acids,  mg  of  KOH 
to  1  g 

Turbine  oil  (commercial, 
from  Balakhany  oily  crude] 


14) 

15) 

16) 

17) 

18) 

19) 

20) 

21) 

22) 

23) 

24) 

25) 


26) 


27) 

28) 


p-Hydroxydlphenylamine 

Mixture 

?“J!^Jr2xydlPheny1«®lne  + 
♦  VTI-8 

None 


Transformer  oil  (commer¬ 
cial,  from  Emba  oily  crudes 

Phenyl-6-naphthylamine 
a-Naphthy lamina 
p-Hydroxydlphenylamine  ♦ 

♦  o-naphthy lamlne 
Phenyl-0-naphthylamine  ♦ 

♦  o -naphthyl amine 
Transformer  oil  (from  Tuy 
masy} crude;  sulfur  content 


Transformer  oil  (from  Tuy- 
mazy^ crude;  sulfur  content 

a-Naphthol 


p-Hydroxydlphenylamine  ♦ 
+  a-naphthol. 
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TABLE  11.31 


Classification  of  Antioxidant  Additives 


1 

rtpBcwu 

2 

J 

CaoBcraa  npaeaaoH 

aopitTm 

4 

mntfapTMQM 

5 

MKTWMP7UOM 

awaniwww 

Taji<t>«noJi  (bohoji) 

1 

OH 

1 

VN,  / 

9 

OitHk  caaaain 

1  0 

Orcywraywr 

1  ) 

Caa6iie 

1  2  AHTpannjioBBii  (o-a»mno<5«H- 
•oftHan)  Krcaora 

n/ 

1 

CH, 

<C3"nh‘ 

n:ooh 

l  l 

CaaSuo 

9 

Own  uutaue 

1  3 

Canau* 
(oaeaxa  «*- 
ycroftxaaaa) 

AA 

l  4  8-Okchxhhojhb 

K)\r 

A«N 

1  0 

OTcyrcraynx 

1  s 

To  IK* 

I  0 

OrcyTtrayayr 

l  6  r»-OMCHMH4*H*na»ian 

h°-0-nh-<3 

kaabtnn 

n,  i  o  ,x  ul, 

UTtyfCTiywT 

Vo  am 

i  fl  4,4'-AHaKHOA>^enwUi* 

cy«4>Bfl 

h»w-<C~)>~8~8~<C 

9 

Own  craai<a 

1  s 

To  JK* 

1  9 

Canaw 
(nacaaa  yeroi- 

aaaaa) 

z  Q  C»JiHniinHA«HaraneiijtnaiiBB 

2  i  HiKOTiHoaaii  (f}-nnpiAiH- 
Kap6oRoatJ>)  Kacaora 

O-0" 

xA/C0°H 

u 

Br 

JO 

OH 

l  i  „ 

Caafiue 

1  0 

Orcytcrayaw 

9  1 

Own  CTOB1M 

1  7 

Canaui 

1  0 

OTcyrerayioT 

1  9 

Canna 
(oinn  yerol- 
ma) 

2  2  5,7-A*6pOM-&-oxcaxnao*M 

1  5 

To  JK* 

9 

Own  C7JUBM* 

I  0 

Otcytcraym 

2  3  riapaMBAon 

(CHJjN-C-C-CH, 

oi  N-CH, 

\/ 

N 

i.H, 

2  w 

Onu  uiNm 

A°nmr 

vTtyTcnyvT 

1) 

Additive 

8) 

tert 

2) 

Formula 

9) 

Very  strong 

3) 

Properties  of  additive 

10) 

None 

4) 

Inhibiting 

11) 

Weak 

5) 

Deactivating 

12) 

Anthranilic  (o-aminoben- 

6) 

Passivating 

zoic)  acid 

7) 

2 ,6-DI-fceri-butyl-4- 

13) 

Strong  (unstable  film) 

methylphenol  (Ionol) 

14) 

8-Hydroxy quinoline 

700 


15)  Same 

16)  p -Hydro xydipheny lamlne 

17)  Strong 

18)  4 , 4  1  -Diamlnodiphenyldi- 
aulflde 

19)  Strong  (stable  film) 


TABLE  11.32 


Influence  of  Tributyl  Phosphite 
(Ci,HjO)jP  on  Oxidizability  of  Oils  in 
Thin  Film  at  250°C  [12] 


1 

OMRO.inemia  npomncr 

entuMom 
■o  Danon  gpa 
S&0*  C,  an* H 

- s - 

Jlaxootpaaa— 
■Mina*  na*c. 
aa  ««*).  % 

'i  MK-22  cypaxaiCKM  . 

32 

12 

5  To  wo-f  "0,594  TpnGyniA^HM^vra 

M 

0 

6  MK-22  AdceopcKO* . 

21 

IS 

5  To  h»4- 0,5*4  tp*6ynui$oe4«Tt 

30 

S 

7  MK-22  uaxar-iopeiioa . 

14 

11 

5  To  we +  0,5%  Tpn8jrrna$oct«T» 

45 

0 

1)  Product  oxidized 

2)  Papok  thermal  stability  at  250°C, 
min 

3)  Varnish  formation  (at  250°C,  30 
min) ,  % 

4)  MK-22 ,  Surakhany 

5)  Same  +  0.5*  tributyl  phosphite 

6)  MK-22  Dosoor 

7)  MK-22  Makat-Yur. 


TABLE  11.33 


Influence  of  Trlbutyl  Phosphite  (C*H*0)sP  on 
Oxidizability  of  Residual  Oils  in  Thin  Film 
at  Various  Temperatures  [11] 


1 

OKtitnncNMft  apoxTMT 

2  nuioMpuowm  M  Ttmo*  (•  %) 
aa  aa  am  rrr 

«a*c 

*»a*c 

ia#*c 

m*c 

urc 

3  MK-22  cypaxaRCKoe . 

2 

6 

22 

23 

2$ 

«♦  To  me-f 0,5*4  Tpn6yTn*4>oct«a 

1 

1 

2 

17 

23 

3  MK-20  rypaxano-xapaiyxypcxoa 

2 

20 

21 

24 

23 

<•  To  >xa  f  0,5*4  Tpu6yTna4^4*ra 

0 

S 

18 

18 

21 

1) 

Product  oxidized 

4) 

Same  ♦  0.5%  tributyl  phos¬ 

2) 

Papok  varnish  formation 

phite 

{%)  in  30  min  at 

5) 

MS-20  Surakhany -Kara-Chukhur. 

3) 

MK-22  Surakhany 

20)  Salicylidene  ethylenedi- 
amine 

21)  Nicotinic  (3-pyridinecar- 
boxylic)  acid 

22)  5 »7-Dibromo-8-hydroxyquin- 
oline 

23)  Pyramidone 

2*0  Very  weak. 
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TABLE  11.34 


Influence  of  Various  Antioxidant  Additives 
on  Oxidizability  of  MT-16  Oil  in  Thin  Film 
(after  K.K.  Papok  and  B.S.  Zuseva) 


1 

npacwa 

2 

Cowp- 

*»!•«• 

BpMCAAHB, 

% 

Ttpwo- 
OMRMB- 
reabWM 
CTtOMb* 
naeTbapa 
2(0*  C, 

JlawaoB- 

■>vr 

96  *«*), 

*W  I 

)  *"* 

4  % 

s 

FIHHI1  H  FI-353 

1 

23 

0 

14 

(»4>np  anaflKnniJ)OHOflaHTBO<{)oc4>op- 

3 

65 

0 

0(4 

BOll  KBCJIOTH) 

5 

87 

0 

04 

AH-!»2a 

1 

40 

0 

04 

(neftTpajibaan  K#^Mine»aa  coat 

3 

82 

0 

04 

Aii8$np;iuTiio$oc$opHoft  xncjioTti  na 
ocnone  oeepaennoro  ajiKnaiJwBoJia) 

5 

88 

0 

04 

HIM83* 

1 

52 

0 

04 

(<J)OC(J)opoc«pBeMHMe  Topneim,  Bel* 

3 

86 

0 

04 

TpajinaoBaanua  OKRCbio  xaAbUB*) 

5 

02 

2 

1  04 

fl<I>-ll 

1 

28 

2 

14 

(flHaBKHAflnTH04>0C<j)aT  DtBBXa) 

3 

5 

5' 

64 

0 

0 

04 

04 

flO-l 

1 

29 

2 

14 

(AnaBKnn.inTno$oc4>aT  6»pna) 

3 

5 

60 

60 

0 

0 

04 

04 

AaHIlH-10 

1 

40 

0 

04 

(npoayKT  KOH^evcaiyiH  cy;ib$iu- 

3 

68 

0 

04 

aaKiiaiboBoaa  a  xJiopaariupBAa 

aBKRB<peHBJI(t)0C4>0p80fi  KBCROTkl) 

5 

80 

0 

04 

Macao  6ea  npncaARR 

— 

!8 

<6 

14 

1)  Additive 

2)  Additive  content,  % 

3)  Thermal-oxidation  stability  at  260°C,  min 

4)  Varnish  formation  (at  250°C,  30  min),  % 

5)  Varnish-formation  coefficient 

6)  VNII  NP-353  (ester  of  dlalkylphenoldini- 
trophosphoric  acid) 

7)  AN-22k  (neutral  calcium  salt  of  diester- 
dithiophosphoric  acid  based  on  svlfuret- 
,ed  alkylphenol) 

8)  Nd-l83a  ( phosphorous -sulfuret ted  terpenes 
neutralized  by  calcium  oxide) 

9)  DF-11  (zinc  dialky ldlthiophosphate) 

10)  DF-1  (barium  dialkyldithiopho3phate) 

11)  AzNII-10  (condensation  product  of  alkyl¬ 
phenol  sulfide  and  acid  chloride  of  alkyl- 
phenylphosphoric  acid) 

12)  Oil  without  additive. 
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TABLE  11.35 


Influence  of  Antioxidant  Additives  on  Oxi¬ 
dizability  of  MT-16  Oil  Containing  SB-3  Sul¬ 
fonate  Detergent  Additive  [7] 


1 

OkRCAIMW*  OPOA7KT 

2 

Cofttp- 

m«m 

npncaan. 

% 

Tepto 

OKMM* 

TMMHUI 

eraOiun. 
Momopa 
2«o»  C, 

3  HUM 

flawed 

Mi  (m 

% 
v  * 

Ml- 

6  Macao  MT-10  +  0,5%  CB-3  (eyjibjx)- 

naT  Capita)  . 

0.00 

18 

5 

2j0 

7  To  jKO  +  npHca^Ka: 

8  BIIMI1  Hn-353  . 

3,5 

02 

0 

04 

9  AH-22k . 

3.5 

72 

0 

0  A 

1  0  !ir-183a  . 

3.5 

05 

0 

04 

1  i  AaHIIlMO . 

3.5 

56 

0 

05 

1)  Product  oxidized 

2)  Additive  content,  % 

3)  Thermal-oxidation  stability  at  260°C,  min 

4)  Varnish  formation  (at  250°C,  30  min),  % 

5)  Coefficient  of  varnish  formation 

6)  Oil  MT-16  +  6.5%  SB-3  (barium  sulfonate) 

7)  Same  +  additive 

8)  VJJII  NP-353  10)  NO -183 a 

9)  AN-22k  11)  AzNII-10 . 


Effective  antioxidant  additives  for  insulating  oils  are  2,6- 
dl-tcrt-butyl-^-methylphenol,  disalicylidene  ethylenedlamlne  and 
disalicylidene  propylenediamine,  p -hydroxy diphenyl amine,  anthra- 
nillc  acid,  pyramidone  and  other  products. 

In  the  case  of  motor  oils,  ^hich  work  at  higher  temperatures, 
the  additives  are  compounds  of  another  type,  whose  mechanism  i3 
based  for  the  most  part  on  ,,passivation',  of  the  catalytic  activity 
of  metals.  Such  antioxidants  form  adsorption  films  (passlvators) 
on  metal  surfaces  or  deactivate  metals  dissolved  in  the  oil  (de¬ 
activators  ) . 

Esters  of  phosphoric  [sic]  acid,  the  phosphites,  lower  the 
oxidizability  of  motor  oils  (Table  11.32).  However,  their  activity 
Is  limited  to  temperatures  below  250°C  (Table  11.33). 

Dialkyldithiophosphates,  phosphorus -sulfuretted  terpenes  and 
other  compounds  have  high  stabilizing  activity  in  motor  oils 
(Table  11.3*0.  Zinc  dialky ldithiophosphate  (DP-11)  and  barium  di¬ 
alky  ldithiophosphate  (DF-1)  have  come  into  widespread  use. 

When  additives  with  different  functions  are  added  to  oils. 

It  is  often  necessary  to  deal  with  an  effect  in  which  an  additive 
that  improves  some  operational  properties  is  detrimental  to 
others,  notably  the  oxidation  stability  of  the  oil.  For  example, 
sulfonate  detergent  additives  usually  lower  the  stability  of  oils. 
Addition  of  antioxidant  additives  of  the  type  Indicated  (dialkyl- 
dithiophosphates)  are  found  to  be  quite  effective  even  in  this 
case  (Table  11.35). 
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4.  ANTICORROSION  ADDITIVES 


Por  the  most  part,  the  anticorrosion  additives  are  organic 
compounds  that  contain  sulfur  or  phosphorus  or  both  of  these  ele¬ 
ments.  The  action  of  these  compounds  is  based  on  their  ability  to 
fore  a  film  on  the  surface  of  a  metal,  which  protects  the  metal 
from  destruction  (corrosion)  by  aggressive  products  that  are 
formed  in  the  oil  during  oxidation  or  enter  it  from  the  outside, 
for  example,  together  with  fuel-cort>ustion  products. 


TABLE  11.36 

Physicochemical  Properties  of  Phosphites  [19] 


1 

2 

tJL± 

twiW 

MM, 

% 

totmwiM 

S 

*T 

j£gT 

mm  pm.  S.) 

*» 

•s 

IMtnutquMn 

SS-M 

TKflrtueoce» 

(CjHjO),? 

— 

#0—81  (t) 

noret 

1-4320 

7p»Sy  rmm»4oc4m 

(<W),P 

1SA-IS2(1) 

14121 

tsm 

1)  Additive 

2)  Pormula 

3)  Melting  point,  °C 

4)  Bolling  point,  °C  (residual  pressure,  mu 
Hg) 

5)  Density 

6)  Refractive  index 

7)  Trioctadecyl  phosphite 

8)  Tributyl  phosphite 

9)  Tributyl  thlophosphlte. 
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CTWJ7  Jr- 
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TABLE  11.37 

Anticorrosion  Properties  of  Organic  Dithio- 
phosphates  [1.2] 


1 

npaeuiu 


6  Anue'MflipuuioreKcaBOJUB- 

TI!0<J>0C$aT  UHHXa 

7  ,  J,nnao6yTn^iJx)HBnaBTBo|x>c- 

4>*t  u«idu 

a  ,[(nBao6}Tn<I$OHnji;iRTB3$OG- 
4>»T  a.HOUHXBB 

9  flnoao6yrnB4*BBanBTBO<too- 
4>ar  Ktnuuui 

1  0  .AnTBpmnieoBABVBO^ocf  a? 
awinnu 

1  1  AjuounnueBafl  con  ahtbo- 
4>nc$opaqft  XBCBoni,  noay- 
9oaHaH  aa  0aae  aaB^aTsw* 
ckijx  cnnpTOB  (C,«— Cm) 

1  2  AnanneBABTRojioc^aT  aao- 

KBBBB 

1  3  Mac.io  flea  npnctAxa 


No+e.  IS?  of  additives  used  in  the  oil. 

1)  Additive  9)  Calcium  diisobutylphenyl 

2)  Formula  dithiophosphate 

3)  Pinkevich  corrosion  (on  10)  Aluminum  diterpineoldi- 

copper-lead  plate),  g/m2  thiophosphate 

)  Emba  residual  oil  11)  Aluminum  salt  of  dithio- 

)  Baku  Avtol  10  phosphoric  acid  obtained 

)  Zinc  dlmethylcyclohexanol-  from  aliphatic  alcohols 

dithiophosphate  (C1B-C20) 

7)  Zinc  dilsobuuylphenyldi-  12)  Aluminum  dipinenedithio- 

thlophosphaf-.e  phosphate 

8)  Aluminum  diisobutylphenyl-  13)  Oil  without  additive, 

dithiophosphate 


2S 

Oepayaa 


{[(CH,),C.H,OJ,PSt)lZa 

M. 

46 

{f(C«H,),C,H,OJ,P81)^a 

46 

U 

{l<C,H,)tC,H,0),PS,),Al 

2a 

40 

([(C,H,)iCiH,0],PS,)lCa 

S2 

M 

f  (C«H  lf  0),PSt]»Al 

ia 

1.1 

— 

134 

214 

[(CuHl0.HSt].Al 

— 

80 

- 

71  jO 

824 
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Fig.  11.10.  Influence  of  phosphites  on  corrosiveness  of  oil  [12]: 
1)  residual  oi?v  from  Emba  crudes;  same  +  additive:  2)  0.5*  tri- 
fa  utylphosphite;  3)  0.5*  triisoamylphosphite;  4)  0.5*  tricyclo- 
hexylphosphite;  5)  0.5*  triphenylphosphite ;  6)  0.9*  tricresylphos- 
phlte;  7)  0.5*  t"i-a-naphthylphosphite;  8)  0.5*  tri-8-naphthyl- 
phosphite.  A)  Corrosion,  g/m2;  B)  time,  h. 


Phosphites,  sulfides,  thiophosohates  of  various  metals,  and 
certain  selenium  derivatives  are  use*',  (in  amounts  of  1-250  as  an¬ 
ticorrosion  additives. 

As  is  the  case  with  certain  other  additives,  their  addition 
to  oils  becomes  particularly  important  when  er gines  are  operated 
on  sulfur-containing  fuel.  The  S02  and  S03  produced  by  combustion 
of  the  sulfur  compounds  present  the  fuel  get  Into  the  oil  sys¬ 
tem  and  accumulate  in  the  oil  in  the  form  of  K2SOs  and  H2SCV. 
which  Increase  the  corrosive  aggressiveness  of  oils  particularly 
sharply. 

£.3ters  of  phosphorous  acid  (phosphites)  are  effective  anti¬ 
corrosion  additives.  ie  11.36  lists  properties  of  certain  phos¬ 
phites  and  thiophosphites ,  while  Fig.  11.10  shows  their  effective¬ 
ness  as  anticorrosion  additives.  Toe  zinc,  barium,  calcium  and 
other  dialkyidithlophosphates  that  are  used  as  anticorrosion  addi¬ 
tives  to  oils  are  capable  of  reducing  the  corrosive  aggressiveness 
of  petroleum  oils  by  many  times  (Tables  11.37  and  11.38  and  Figs. 
11.11  and  11.12). 

Organic  compounds  containing  sulfur  and  certain  sulfuretted 
products  are  also  used  as  anticorrosion  additives  (Tables  11.39 
and  11.40). 

There  are  literature  reports  to  the  effect  that  organic  se¬ 
lenium  derivatives  have  anticorrosion  properties  superior  to  those 
of  the  analogous  sulfur  derivatives  (Table  11. 4l).  The  organic  de¬ 
rivatives  of  selenium  are  also  highly  effective  antioxidant  addi¬ 
tives  . 

The  formation  of  protective  films  on  metal  surfaces  protects 
the  metals  from  being  eaten  away,  or,  in  the  case  of  an  alloy, 
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Pig.  11.11.  Influence  of  dialky ldithiophosphates  of  metals  on  cor¬ 
rosiveness  of  oil  [23]:  1)  oil  MT-16;  same  +  additive:  2)  3$  DP-1; 
3)  3%  DF-2;  4)  3%  DP-5;  5)  3%  DP-8;  6)  3%  DP-5;  7)  3%  DP-10;  8)  3* 
DP-11;  9)  3%  DP-12;  10)  3%  Lubrisol-1060;  11)  3%  TsIATIM-339-  A) 
Corrosion  at  140°C,  g/m2;  B)  time, ~h. 


Pig.  11.12.  Anticorrosion  properties  of  equimolecular  solutions  of 
metal  dialky ldithiophosphates  in  MT-16  oil  as  functions  of  oxida¬ 
tion  time  [21]:  1)  oil  MT-16;  same  +  additive:  2)  3%  DP-1;  3) 

2.6?  DP-2;  4)  2.3%  DP-5;  5)  1.4$  DP-8;  6)  1.4$  DP-9;  7)  1.2$  DP- 
10;  8)  1.2$  DP-11;  9)  1.5$  DP-12;  10)  0.7$  Lubrisol-1060.  A)  Cor¬ 
rosion  at  140°C,  g/m2;  B)  time,  h. 
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TABLE  11.38 

Anticorrosion  Properties  of  Certain  Thiophos- 
phate  Compounds  [20] 


<*  fl«-*-nenn«HTHO$oe$aT  .hpn  [(C1#HM0),PSJ.B«  Oj 

5  fl*-H-0KT«4e4HJIflHTB0$O<4«T  U-  [(CuHnO^PSjLB*  1,7 


pu 

r  /CjHuv  \  -j 

6  ^H^2-reirra^^eipM)flHTMoiJ)Oc4>«T  I  \CHCHtO  I, PS,  Lila  54 

6apu  L  VC^Hj, x  /  J 

7  A>-N-A«i(BaaaTuo^oc4aT  sajceoa  [(Ci0HtlO),PS,J,Ni  1141 

•  fl«-iM)KTMeioiJiaHTio$oc4>aT  HI-  [  (CiiHM0),PSt],Ni  34J 

aaaa 

9  AaoanaeiQM«HT]io$o«$tr  (a a-  [(CuH„0)1PS1]f  43 

cyawjwa) 

l  o  Aa-M-oKTaaeiuui4>oe$iT  6araa  [(CuHt70),PO(),Ba  130,7 

1  1  Macao  MC-20  miOeHCxoe  6ea  npa-  —  440 

eajpca 


Note.  1.51  by  weight  of  the  additives  was 


used  in  the  oil. 

1)  Additive 

2 )  Formula 

3)  Pinkevich  corrosion  (on 
lead  plate),  g/m2 

*0  Barium  di-n-decylthiophos 
phate 

5)  Barium  di-n-octadecyldi- 
thiophos  phate 

6)  Barium  di-(2-heptylun- 
decy 1) dithiophosphate 


7)  Nickel  di-n-decyldithio- 
phcsphate 

8)  Nickel  di-n-octadecyldi- 
thiophosphate 

9)  Dioctadecyldithiophosphate 
(disulfide) 

10)  Earium  di-n-octadecylphos- 
phate 

11)  Enfca  MS-20  oil  without  ad¬ 
ditive. 


Note.  Additive  used  in  the  oil  in  concentra¬ 
tion  of  0.5%. 
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« 


1)  Product  oxidized 

2)  Pinkevich  corrosion  (on  copper-lead  plate),  g/m2 

3)  Properties  of  oil  after  oxidation 

4)  Acid  number,  mg  of  KOH  to  1  g 

5)  Sediment,  % 

6)  Coking  capacity,  % 

7)  Distillate  without  additive 

8)  Same  +  additive 

9)  Sulfuretted  oil 

10)  Methyl  oleate 

11)  Sulfuretted  methyl  oleate 

12)  Residual  without  additive 

13)  Same  +  additive 

14)  Sulfuretted  oil 

15)  Methyl  recinoleate 

16)  Sulfuretted  methyl  recinoleate. 


from  leaching  out  of  specific  components  of  the  alloy  (Table 
11.42).  Here,  compounds  that  form  strong,  thin  films  on  metals 
have  the  most  effective  anticorrosion  properties. 

Sulfur  or  phosphorus  in  the  additive  molecule  may  not  pene¬ 
trate  into  the  Interior  of  the  metal  (Pig.  11.13a).  If  the  active 
component  of  the  additive  penetrates  deep  into  the  metal,  the  ad¬ 
ditive  becomes  ineffective  (Fig.  11.13b). 

Together  with  anticorrosion  additives  whose  function  is  to 
reduce  the  corrosiveness  of  oils  during  use  (basically  in  motor 
oils)  and  antioxidant  additives,  which  also  lower  the  corrosive 
aggressiveness  of  oils,  since  they  reduce  the  accumulation  of  cor¬ 
rosively  aggressive  oxidation  products,  th»rR  are  also  anticorro¬ 
sion  additives  that  protect  metals  from  rust  under  exposure  to 
water  (rpst  inhibitors)  and  additives  that  are  capable  of  confer¬ 
ring  preservative  properties  on  running  oils.  Recommended  rust  in¬ 
hibitors  are  unsaturated  fatty  acids  and  hydroxy  acids  and  their 
esters  (Table  11.43),  as  well  as  salts  of  petroleum  sulfo  acids, 
oxidized  petrolatum,  and  others.  Nitrogen-containing  organic  com¬ 
pounds  such  as  dlcyclohexylamlne  nitrite,  are  vigorous  rust  in¬ 
hibitors.  Nitrated  oils  (neutralized  with  slaked  lime)  and  certain 
other  products  (Table  11.44)  have  recently  been  recommended  as 
rust  inhibitors. 

A  classification  of  additives  used  in  oils  to  improve  their 
anticorrosion  properties  is  given  in  Table  11.45. 
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TABLE  11.40 


Influence  of  Sulfur  Compound:; 
ity  and  Corrosive  Properties 


i 

(Ipucajpu 


2 

4>opuyaa 


on  Oxidizabil- 
of  Oil  [23] 


Oxncjicniie  ho  n«wne»»rr 


•  KOGJIOTK4  5 

AOCAO.  KOpPOSM, 

Mi  KOU  t/M‘ 

HI  |  * 


6  CyabifBau: 

7  nnBonufleyawJ’ivt 
S  nnoKTaaemwcyaiHjim 
9  nn<J>0HiMcym4Hjsi 
1  0  AiiToanacyawpaa 
1  1  anteaanacyabiJiMa 
1  2  anunKaorcKcaacyabian 
1  s  amvtKaoneoTnacyab^KA 
1  9  unKfloreKcnjiaeuHaeyflMwa 
l  s  unKaonoaTnafleqaacyab^aa 
1  6  *eHnaaemiAcyai>(J>«fl 
1  7  <j,enn.mnxaoneHTaacyab4iBfl 
1  s  (JwnnamiK.'ioreKcnacyab^na 

1  9  HeTna-a-Ha^mjfleyabijmfl 

2  o  TpnTBo^opuaabneraa 

2  l  An-  n  noancyabjutau: 

2  2  a  n  u  o  n  n  a  an  cy  a  ij-  H  ; 

2  s  anfpeunaancyabAaa 
2  4  antoaaaancyab<f>Ba 
2  5  anqnKaoreKcaanBcyabAaa 
2  e  anqnxaoneHTHaaacyabipBa 
2  7  anamaTpiicyab^Ba 
2  e  <J)Cinia»Tna.incyab$«A 

2  9  roTepoqiiKBii: 

9  o  ;iei;nATno<J>eH 
j  i  TeTpafJwnBATnoitie* 


3  2  tnniiTpea 


(C»H|,)tS 

\WvY 

(CH,C4H4>,S 

i%£ST 

(CtHt)tS 

C*Hii— S— Ci(Hti 

Ci!f,-S-Cl,Htl 

CjHi— S— CjoH,! 

C,HI-S-C»H, 

C.Ht-S-C,H„ 

CH,-S-CltH, 

(CH,S), 


(C»H,t)iSt 

(CH,C,H4)Js, 

(c.h.o.s; 


0.43 

0.35 

0.42 

0.36 

0.46 

031 

046 

0,44 

039 

033 

035 

030 

038 

0,49 


0.66 

0.43 

0,46 

045 

033 

049 

0.40 

030 

044 


032 


11.1 
103 
15.9 
203 

29.1 
9.1 

183 

63 

15.0 

463 

343 

28.7 

243 

5.6 


163 

163 

213 

15.5 

10.1 

103 

143 

503 

443 


14.5 


9  9  MepK«nT«au: 

9  4  9  4  N-aeun.iuepKanT«B 
9  9  iJ>onnA3TnA\iopH*nT»» 
9  6  nnKAorcKCanTiioa 

3  7  Tno$«aoau'. 

3  e  n-TiioHpeaoa 

3  9  Tno-«-Ba*Toa 
i*  o  Tiio-p-na^Toa 

4  1  amnopeaopmia 

4  2  Macao  603  npuratKi 


C,,H„SH 

C,H,C,H49H 

C,HUSH 


032 

0.61 

0.47 


433 

123 

28.4 


CH,CfHtSH 

C10H,SH 

C10HjSH 

C,H4(SH), 


0.60 

0.35 

041 

042 


323 

43 

1.9 

8.2 


0.60 


463 


Note.  0.5?  of  the  s 
to  the  oil. 

1)  Additive 

2)  Formula 

3)  Pinkevich  oxidation 

4)  Acid  number,  mg  of  KOH  to 

1  g  2 

5)  Corrosion,  g/m 

6)  Sulfides 

7)  Dinonyl  sulfide 

8)  Dioctadecyl  sulfide 

9)  Diphenyl  sulfide 

10)  Ditolyl  sulfide 

11)  Dibenzyl  sulfide 


ulfur  compounds  was  added 


12)  Dicyclohexyl  sulfide 

13)  Dicyclopentyl  sulfide 

14)  Dicyclohexy ldecy 1  sulfide 

15)  Cyclopenty ldecy 1  sulfide 

16)  Phenyldecy?  sulfide 

17)  Phenylcyclopenty 1  sulfide 

18)  Pheny lcyclohexyl  sulfide 

19)  Methyl-a-naphthy 1  sulfide 

20)  Trithioformaldehyde 

21)  Di -  and  polysulfides 

22)  Dinonyl  disulfide 

23)  Diphenyl  disulfide 
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24)  Dl-colyl  disulfide 

25)  Dicyclohexyl  disulfide 

26)  Di cyclopentyl  disulfide 

27)  Diethyl  trisulfide 

28)  Phenylethyl  disulfide 

29)  Heterocyclics 

30)  Decylthlophene 

31)  Tetraphenylthiophene 

32)  Thianthrene 

33)  Mercaptan3 


34)  n-Decyl  mercaptan 

35)  Phenylethyl  mercaptan 

36)  Cyclohexanethiol 

37)  Thiophenols 

38)  p-Thiocresol 

39)  Thio-o-naphthol 

40 )  Thio-8 -naphthol 

41)  Dithiore8orcinol 

42)  Oil  without  additive. 


TABLE  11.41 


Anticorrosion  and  Antioxidant  Properties  of  Sulfur-  and  Selenium- 
Cont  ainlng  Compounds  [93 


A 

npacuiw 

B 

Mom  mu 
m>  ttaimoM* 
<ty(uNM- 

niwiiMi), 

c  */«• 

Or*0MMOOT»  M  AiHHM, 

Y 

1 

!  j 

m 

AK-IC 

g""25S** 

D 

i! 

IS 

i 

1 

Hi 

IS 

III 

AmJieBiijicyjiwJwA 

C,H,— 8 — C,Hi 

61 

57 

11 

104 

10 

106 

41 

C,Ht— 8*— C.H, 

9 

104 

17 

110 

27 

210 

50 

A»oicciiAn$eniiAcy»b$«A 

HOC,H,— S— C,H,OH 

1 

3 

to 

08 

18 

183 

47 

ABOKCRan^eBMeemR 

HOC,fi4— 8*-C,H4OH  ' 

0 

6 

111 

11 

220 

60 

HO.  .OH 

A»aeninaHOHCH,i"4*D"«o*«H 

>C,H,-S«-C,H< 

C^H,/ 

0 

0 

“*• 

18 

188 

• 

ARMKMAIONCIAi'^BBIiaOMtB 

Rv 

R-C.Hr-Sa-C.H^R 

H<T  'OH 

0 

0 

11 

77 

20 

170 

30 

TpHKpoanacoaeHO^oe^KT 

(CH,C,H«0)tPSt 

+26 

. 

— 

— 

23 

230 

85 

Tpniwwmnifoetn 

(CH*C»H|0)|P8 

+1 

— 

— 

— 

— 

— 

— 

Hcxoabo*  mono 

^  H 

64 

47  ‘ 

6 

•  . 

86 

13 

186 

47 

A) 

Additive 

K) 

Diphenyl  sulfide 

B) 

Formula 

L) 

Diphenylselenium 

c) 

Pinkevich  corrosion  (on 

M) 

Dihydroxy diphenyl  sulfide 

D) 

lead  plates),  g/ml 

N) 

Dlhydroxydiphenylselenium 

On  diesel  oil 

0) 

Di cet  y ldihy dr oxy pheny Is  e  - 

E) 

On  industrial  50 

lenlum 

F) 

AzNII  stability,  minutes 

P) 

Dialky ldioxydipheny lse- 

G) 

Diesel  oil 

lenlum 

H) 

Induction  period 

Q) 

Tricresyl  selenophosphite 

I) 

Time  for  absorption  of  20 

R) 

Tricresyl  thiophosphite 

J) 

ml  of  oxygen 

Thermal  stability  (Papok) 
in  mixture  with  MK-22 
oil,  minutes 

S). 

Original  oil. 
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TABLE  11.42 


Layer  Analysis  of  Copper-Lead  Alloy;  Results 
of  Microscopic  Examination  and  Pinkevich 
Corrosion  Test  [23] 


a  Ilepaax  rpynna  npiciAOi-nixuiint  emu  ao  10% 

7  Tno-p-  aa^Toa  C,H,SH  OX)  —  1,82 

« Amioptaopmui  C,H«(8H),  3  >2  —  8.10 

«  flnonueyAfax  HW  0X113  11,11 

1 0  Tpirno4»p»UJUB»r*A  (CH3),  10X)  0XH2  545 

1  1  OtiBJummtpiuimui  C,H,C,H«SH  10,0  0X)12  124)1 


12  Bropaa  rpynaa  spicajoi-iuvuiaiai  caanna  *o  20% 

1  SflaiTBBTpHcyaiAaa  (C,H,),S,  174  0003  9,97 

1 4  jJwfcHiuaaeyaiim  (C-HdA  18X>  0a,M  1644 

1  5  ^nao  s*Jwacyak4iaj  (C*H1(),S,  1S.1  0,009  1640 

K  «  OctpuuM  Macao  —  20.0  0XH1  343 


17  Tp # t b a  rpynaa  ipicuoi-iuauniie  canqa  ao  30% 
1  aflniwKWcya^M  I  (C,H,fcS  j  29.1  I  0XM0  I  15.90 


19  leratpTia  rpynna  npacaiox  -  bumu 

ao  50% 


2  On-Tnoxpeao* 

2  l»-fl«nHJTTU(Xj*« 

2  2TnanTp«n 
2  TTeTpa^eHBAtno^eB 


3140 

5640 

1473 

44,00 


2  4  riaTaa  rpynna  n  p  n  ca  ao  k  —  iu  m  m  a  a  a  na  oniqa 

canine  50% 

2  5  /JnfieHSHJicyJiwjiaA  I  (C,H,CHl),S  I  564  04)93  I  29,10 

2  c  Macao  6ea  npacaAxa  —  |  72,0  —  |  35^0 


1)  Additive 

2)  Formula 

3)  Leaching  of  lead  in  0.02- 
mm  layer  (layer  analysis), 

X 

4)  Depth  of  leaching  out  of 
lead  (under  microscope), 
mm 

5)  Pinkevich  corrosion  (on 
copper-lead  plate),  g/m1 2 3 4 5 6 7 

6)  First  group  of  additives  - 
up  to  10X  of  lead  leached 
out 

7)  Thlo-$-naphthol 


8)  Dithioresorcinol 

9)  Dinonyl  sulfide 

10)  Trithioformaldehyde 

11)  Phenylethyl  mercaptan 

12)  Second  group  of  additives 
up  to  20X  of  lead  leached 
out 

13)  Diethyl  trisulfide 

14)  Diphenyl  disulfide 

15)  Pinonyl  disulfide 

16)  Sulfuretted  oil 

17)  Third  group  of  additives 
up  to  30X  of  lead  leached 
out 
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18)  Diphenyl  sulfide 

19)  Fourth  group  of  addi¬ 
tives  -  up  to  50%  of  lead 
leached  out 

20)  p-Thiocresol 

21)  n-Decylthiophene 

22)  Thianthrene 


23)  Tetraphenylthiophene 
2*0  Fifth  group  of  additives  - 
over  501  cf  lead  leached 
out 

25)  Dibenzyl  sulfide 

26)  Oil  without  additive. 


£  ntydut*  am*,  fm 


b 


Fig.  11.13.  Influence  of  sulfur-containing  additives  on  penetra¬ 
tion  of  sulfur  Into  metal  [233:  a)  effective  additives;  b)  inef¬ 
fective  additives.  A)  Sulfur  content  in  copper-lead  alloy  after 
corrosion  test,  %\  B)  thio-6-naphthol;  C)  diphenyl  disulfide;  D) 
trithloformaldehyde;  E)  depth  of  layer,  ran;  F)  thianthrene;  G)  a- 
decylthiophene ;  H)  tetraphenylthiophene;  I)  p-thiocresol. 


TABI.E  11.  *13 


Influence  of  Corrosion  Inhibitors  on  Rusting 
(in  Humidity  Chamber)  of  Steel  Specimens  Pre' 
served  with  Turbine  Oil  30  [24] 


« 

1 

npmcNk 

jWW 

RS 

Sm 

juj 

6-HMJXflMHtM  W*pmii  KBfWTW 

04 

1C 

72 

7t 

10 

2S 

7  3$npu  *enp«AWk*ni  wipawx  MeiOT 

as 

7a 

as 

1C 

9  72 

9 

S  CmpnaoM*  aiexon 

04 

i  i  IS  jam 

72 

ic 

2  <  OS  jiim 

72 

10  M«tbaobu1  t$ap  rTeapnaoaol  xicjioth 

04 

4 

72 

1C 

4  n  39  mum 

72 

11  Cm«o  *4>apo»  cnipuoBoft  xxuoru  a  i*- 

04 

72 

72 

npQAWf’awx  mpnu  aacaot 

1C 

72 

72 
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1) 

Additive 

7) 

Esters  of  unsaturated 

2) 

Additive  content,  % 

fatty  acids 

3) 

Time  to  appearance  of 

8) 

Stearic  acid 

4) 

surface  corrosion,  hours 

9) 

1  h  15  min 

Vertical 

10) 

Methyl  stearate 

5) 

Horizontal 

ID 

Mixture  of  stearates  and 

6) 

Unsaturated  fatty  acids 

esters  of  unsaturated 
fatty  acids. 

TABLE  11.44 


Properties  of  Certain  Rust  Inhibitors  [25] 


a 

s 

- 1 - 

Bpnta  ao  Mwnai 

i 

tlpacajm 

. 

2 

^T" 

1 

Mom— 

(ao  □»>). 

, 

Tvpoo- 

oiaKunH 

tlAKM 

Aacsap- 

raPTWua 

Noppo*aa  (MMUM 
at  aoppo—  Cr  41), 
epn 

opocMna* 

% 

eraSua- 

■octaoM 

tU’C, 

trawwfc 
JL  *>. 
% 

7  ; 

a  MWpa 
aaawao- 

era  dm 

»»/jrc 

• 

BA  rpABBBA 
MACAO  — MBA 

1 

»  Hr-104* 

5 

0—05 

X 

96 

2 

t 

»  0  MBH-5  *•  1 

5 

6 

IS 

n 

20 

18 

1 1  KCK  •« 

5 

3 

* 

0 

54 

14 

14 

l  2Touac 
noaota  u 
rpaaaqa 
ptuui 

HlTpOMUM 

nacao 

5 

4 

10 

22 

16 

14 

AKOP-1  ***• 

5 

0.5-1 

10 

85 

13 

14 

2 

15—2 

10 

60 

5 

2 

10 

0 

8 

81 

28 

— 

15 

0 

8 

88 

30 

>30 

20 

0-05 

8 

85 

>90 

— 

25 

0-05 

1 

95 

>90 

— 

Macao  AC-11 
flej  iipncaon 

45 

21 

12 

1 

1 

*NG-104  is  a  calcium  sulfonate  obtained 
by  sulfonating  MS-20  oil. 

••MNI-5  is  an  additive  based  on  oxidized 
petrolatum. 

•••KSK  is  a  calcium  sulfonate  concentrate 
obtained  by  sulfonation  of  AS-6  oil. 
****AK0R-1  is  an  additive  based  on  nitrated 
oil. 


1) 

Additive 

7) 

In  humidity  chamber  at 

2) 

Additive  content,  % 

40/20°C 

3) 

Detergent  properties 

8) 

At  oil-water  interface 

(PZV),  points 

9) 

NG-1048 

4) 

Thermal-oxidation  stabil  ¬ 

10) 

MNI-5",t 

ity  at  250°C,  min 

11) 

KSK8*1* 

5) 

Dispersing  effect!  • 

12) 

Dark  band  at  interface 

De  (96  h),  t 

13) 

Nitrated  oil 

6) 

Time  to  appearance  r 

14) 

AKOR-188** 

rosior.  (tested  or  ;  i  ; 

15) 

DS-ll  oil  without  addi¬ 

steel),  days 

tive  . 

- 
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TABLE  11.45 

Classification  of  Additives  Used  in  Oils  to  Improve  Their  Anticor¬ 
rosion  Properties  [26] 


Additive 

Range  of  addi¬ 
tive  applica¬ 
tion 

Additive  types 

Purpose  and  mech¬ 
anism  of  action 

Antioxi¬ 

dant 

Oils:  trans¬ 
former,  tur¬ 
bine,  indus¬ 
trial,  work¬ 
ing  at  tem¬ 
peratures  be¬ 
low  150°  C 

Organic  amines 
( dipheny lamlne , 
p -hydroxy di- 
phenylamine) , 
screened  phenols 
(Ionol,  2 ,2-meth- 
y  lene  -b  is  -6 -t  e  rt  - 
( but y 1-4-methyl- 
phenol)  .  disul¬ 
fides  (4,6-di- 
tert-butyl-3- 
methylphenol  di¬ 
sulfide),  etc. 

To  prevent  forma¬ 
tion  of  corrosive 
substances  on  ox¬ 
idation  of  oil  by 
retarding  forma¬ 
tion  of  hydroper¬ 
oxides,  terminat¬ 
ing  autooxidati . 
chain,  destroying 
hydroperoxides , 
etc. 

Antioxi¬ 

dant-anti- 

corrosion 

Motor  oils 
(Avtols  and 
diesel  oils), 
drive-line 
and  hypoid 
oils 

Sulfuretted  ter- 
penes ;  olefini c 
hydrocarbons , 
sulfides  and  di¬ 
sulfides.  Organic 
phosphites;  di- 
thiophosphates . 
Products  of  reac- 
.  tion  of  pentava- 
lent  phosphorus 
with  terpenes  or 
with  olefinic  hy¬ 
drocarbons.  Al- 
kylphenol  addi¬ 
tives.  Sulfonate 
additives 

Protection  of  in¬ 
ternal  engine 
parts  (non fer¬ 
rous-alloy  bear¬ 
ings,  etc.)  from 
corrosion  and 
wear  by  suppress¬ 
ing  oxidation  of 
oil  and  creating 
protective  ad¬ 
sorption  film  on 
metal  surfaces 

Anticorro¬ 
sion  addi¬ 
tives  - 
low-solu- 
bllity 
corrosion 
inhibitors 
(rust  in¬ 
hibitors) 

Liquid  pre¬ 
servative  lu¬ 
bricants  and 
greases 

Oxidized  petro¬ 
latum,  oxidized 
petrolatum  ex¬ 
tract  (MNI-5), 
oxidized  ceresin, 
dibutylphthalate , 
salts  of  dicyclo- 
hexylamine,  lano¬ 
lin,  calcium  sul¬ 
fonate  from  AS-6 
oil,  nitrated  oil 

Corrosion  protec¬ 
tion  of  external 
and  internal 
parts  of  mecha¬ 
nisms  and  engines 
by  formation  of 
protective  ad¬ 
sorption  films 

Calcium  sulfonate 
from  AS-6  oil  and 
nitrated  oil 

Running  and  pre¬ 
servative  oils 
that  protect  in¬ 
ternal  engine 
parts  for  several 
years 

* 
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TABLE  11.45 

(continued) 

Additive 

Range  of  addi¬ 
tive  applica¬ 
tion 

Additive  types 

Purpose  and  mech¬ 
anism  of  action 

Water-sol¬ 
uble  cor¬ 
rosion  in¬ 
hibitors 
(rust  In¬ 
hibitors) 

Same 

Sodium  nitrite, 
dlcyclohexylaramo- 
nium  nitrite, 
hoxaaethylenedi- 
amlne  chromate, 
mercaptobenzo- 
thlazole,  sodium 
benzoate,  mono- 
ethanoiamlne ,  and 
others 

Preservative  oils 
and  lubricants 
for  external  cor¬ 
rosion  protection 

5.  ANTIWEAR  ADDITIVES 

Oil  additives  that  improve  lubricating  properties  (friction 
conditions)  can  be  classified  on  the  basis  of  type  of  action  into 
three  basic  groups:  1)  antifriction;  2)  antiwear  and  3)  antiscor¬ 
ing. 


Pig.  11.14.  Influence  of  chloroalkanes  on  antiwear  properties  of 
oil  [27].  Additive  concentration  in  oil  6  macio  to  100  g  of  oil 
(0.8-1.91).  1)  oil  without  additive;  same  *  additive:  2) 

CH»(CKj ) jCHjCl ;  3)  CH , ( CH* ) jCHtCl  (24  mmole,  or  3-25);  4)  CC1*; 

5)  CC1,CKjCKjC1;  6)  CC2 ,( CH, ) »CK,C1 ;  7)  CC1,(CH,) ,CH,C1;  8) 
CC1|P0(0C%H* )i ;  a)  elastic-deformation  line;  b)  wear  in  dry  fric¬ 
tion.  a)  Diameter  of  worn  spot  on  lower  balls,  mm;  B)  axial  load. 
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n?S- - 1 - 1 — rJ _ •' l I  I  I  I  I  1 II  mill  I  I 

*15  20  30  iO  SO  SO  70  SO  WO  HO  200  250300 

ISOceSan  naepyiKC,  nr  1 


Pig.  11.15.  Influence  of  methylphosphonic  acid  derivatives  con¬ 
taining  the  CClj  group  on  antiwear  properties  of  oil  [27].  Addi¬ 
tive  concentration  in  oil  6  mmole  to  100  g  of  oil  (1.3-4%):  1)  oil 
without  additive;  same  +  additive:  2)  CHsPOfOC^Hs )* ;  3) 
C1CH2P0(0CmH,)2  ;  4)  CC1 sPO(OC2H8 )2 ;  5)  CC1  sP0(0C.,H»  )  2  ;  6) 
CC1,P0(0C6Hs)2;  7)  CC1sP0[N(CHs)Ci»Hs7]2;  a)  elastic  deformation 
line;  b)  wear  in  dry  friction.  A)  Diameter  of  worn  spot  on  lower 
balls,  mm;  B)  axial  load,  kg.  1 


Antifriction  additives  must  also  lower  and  stabilize  coeffi¬ 
cients  of  friction,  antiwear  additives  must  not  permit  progressive 
wear  of  surfaces  under  moderate  and  heavy  loads,  and  antiscoring 
additives  must  raise  the  seizure  load  and  buffer  the  seizing  proc¬ 
ess  by  reducing  surface  destruction  and  friction. 

The  following  types  of  compounds,  in  pure  form  or  in  mix¬ 
tures,  are  used  as  additives  to  reduce  friction  and  wear  and  pre¬ 
vent  seizure: 

1)  animal  and  vegetable  fats  or  fatty  acids; 

2)  organic  sulfur  compounds  (sulfuretted  products,  xanthogeri- 
ates,  etc.); 

3)  organic  chlorine  comp  ounds  (Sovol  -  pentachloroblphenyl) ; 

4)  organic  compounds  of  phosphorus  (tricresyl  phosphate)  and 
other  Group  V  elements; 

5)  various  compounds  of  metals  (lead  soaps,  oxide  and  sulfide 
compounds  of  molybdenum,  sulfur  compounds  of  tungsten,  organic 
compounds  of  zinc,  colloidal  iron,  etc.); 

6)  compounds  containing  several  active  elements  in  a  single 
molecule  (sulfur,  chlorine,  phosphorus,  etc.). 


-  717  - 


The  additives  are  injected  into  the  oil  in  quantities  of  3-5$ 
and  more. 

Organic  compounds  containing  chlorine,  phosphorus,  or  sulfur 
have  come  into  extensive  use  in  recent  years  (Tables  11.46-11.49, 
Pig.  11.14). 

‘The  most  effective  approach  is  to  combine  several  active  ele¬ 
ments  into  a  single  additive:  chlorine  and  phosphorus  (see  Tables 
11.47  and  11.48  and  Pigs.  11.15  and  11.16),  phospnorus  and  sulfur 
(Pig.  11.17),  chlorine  and  sulfur  (Pig.  11.18).  The  same  effect 
can  be  obtained  not  only  by  introducing  several  active  elements 
into  the  molecule  of  one  compound,  but  also  by  combining  various 
compounds,  each  of  which  contains  one  or  another  active  element 
(Tables  11.50  and  11.51).  A  characterization  of  antiwear  additives 
developed  in  the  Soviet  Union  and  abroad  is  given  in  Table  11.52. 

Additives  whose  action  is  directed  toward  neutralization  of 
the  detrimental  influence  of  products  that  promote  corrosive  wear 
of  metallic  surfaces  are  aiso  utilized.  These  include  acids  that 
may  form  in  the  oil  during  operation,  perhaps  from  sulfur  gases 
(SO2  and  S0$)  that  enter  the  oil  from  the  combustion  chambers  when 
engines  are  operated  on  sulfur-containing  fuels. 

Alkylphenolates ,  sulfide  alkylphenolates  and  other;  compounds 
are  used  as  additives  to  neutralize  the  effect  of  thesei  harmful 
agents  and  thus  reduce  corrosive  wear  (Pig.  11.19).  Figure  11.20 
shows  wear  of  engine  parts  as  a  function  of  sulfur  content  in  the 
fuel  and  additive  concentration  in  the  oil. 


Pig.  11.16.  Influence  of  chloroalkyl  phosphites  on  antiwear  prop¬ 
erties  of  oil  [27].  Additive  concentration  in  oil  6  mmole  to  100  g 
of  oil  (1. 0-3.4$):  1)  oil  without  additive;  same  +  additive:  2) 
(CHjCHjO) jP;  3)  (CICH2CH2O) jP;  4)  CC1 ,CH20P(0CH2CH, ) 2 ;  5) 
(CC1*CH20) jP;  6)  [CC1sC(CHs)20]sP.  a)  Elastic  deformation  line; 
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b)  wear  in  dry  friction.  A)  Diameter  of  worn  spot  on  lower  balls, 
mm;  B)  axial  load,  kg. 


TA3LE  11.46 

Properties  of  Certain  Chloroalkanes  Used  as 


Antiwear 

Additives  [27] 

l 

npiicuxa 

2 

9opMTM 

Temreptrjrrit 
KnneHan,  *C 
(nCTtTMHO* 

aaantant 
mm  pm.  em.) 

.3 

HnoT- 

HOCTfc 

•• 

k 

KMtyn- 

une:it 

nptno- 

uaemm 

ft 

nf 

Coaepwa- 

V* 

6 

1.1,1,3-TflTpa- 

x.iopnponaa 

COUCH, CH, Cl 

45-46 

(10) 

14576 

14823 

78/12 

1,1,1,5-TeTpa- 

jcjiopneBTait 

CC),(CH,),CH,C1 

67-68 

(2) 

13470 

1.4873 

6731 

7-Xnoprenian 

CH,(CH,),CH,C1 

37-39 

(15) 

03825 

14240 

2639 

l,i,l,7-Teipa. 

x.ioprearaH 

CC1,(CH,),CH,C1 

80-89 

(2) 

1.2603 

1.4836 

59.66 

1) 

2) 

3) 

4} 

5) 

6) 


Additive 

Formula 

Boiling  point,  °C  (resid¬ 
ual  pressure  in  mm  Hg) 
Density 

Refractive  index 
Chlorine  content 


7)  1,1,1,3-Tetrachloropropane 

8)  1,1,1,5-Tetrachloropentane 

9)  7-Chloroheptane 

10)  1,1,1,7-Tetrachloroheptane. 


Fig.  11.17.  Influence  of  organophosphorus  additives  on  antiwear 
properties  of  naphthenoparaffinic  fraction  of  oil  MS-20  [29].  3% 
of  additive  used:  0)  naphthenoparaffinic  fraction;  same  +  addi¬ 
tive:  1)  tri-n-butyl  phosphite;  2)  tri-n-butyl  phosphate;  3)  tri- 
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n-butyl  dithiophosphite;  4)  tri-n -butyl  trithiophosphite;  5)  tri- 
n-butyl  thiophosphite;  6)  tri-n -butyl  dithiophosphate;  7)  tri-n- 
butyl  trithiophosphate;  8)  tri -n-butyl  tetrathiophosphate ;  a) 
elastic  deformation  line;  b)  region  of  wear  in  dry  friction.  A) 
Diameter  of  worn  spot  on  lower  balls,  mm;  B)  axial  load,  kg. 


Pig.  11.18.  Generalized  wear  index  [GWI]  (onu)  as  a  function  of 
sulfur  and  chlorine  additive  contents  in  DS-14  oil  [30]:  I)  chlo¬ 
rine  additives;  II)  sulfur-chlorine  additives;  III)  sulfur  addi¬ 
tives;  1)  Sovol;  2)  chlorinated  paraffin;  3)  hexachloroethane;  4) 
dibenzyl  disulfide;  5)  LZ-6/9;  6)  sulfuretted  terpenes;  7)  di¬ 
benzyl  sulfide  +  chlorinated  paraffin;  8)  LZ-6/9  +  chlorinated 
paraifin;  9)  LZ-6/9  +  Sovol;  10)  LZ-6/9  +  hexachloroethane;  11) 
hexaehloroe  hane  *  sulfuretted  terpenes;  12)  chlorinated  paraffin 
+  sulfuretted  terpenes.  A)  GWI;  B)  additive  content,  %. 


B  Code [mo Hue  Sapua  8  Matts,  % 


Pig.  11.19.  Influence  of  additive  concentration  in  AS-9.5  oil  on 
decrease  in  corrosive  wear  [32]:  o)  VNII  NP-350  additive;  x)  VNII 
NP-360  additive;  •)  TsIATIM-339  additive.  A)  Time  of  effective 
neutralization,  hours;  B)  barium  conter.  ;  in  oil ,  % . 
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TABLE  11.47 


Properties  of  Certain  Derivatives  of  Methyl - 
ohosphonlc  Acid  Used  as  Antiwear  Additives 
1273 


1 

iipmum 

2 

Gcptcjn* 

• 

3 

Tnoept- 
ttp*  uc- 

■ 

4 

Ttwwpa* 

r m 

•HUJgB*. 

(opal  mb 
pm,  am.) 

5 

Q am- 
BOMB 

•:> 

K«MR* 

IIBO* 

BOMB- 

7 

flHJTUJIOBH# 

#$np  Tpnxaop- 
M9TW!<JlOC#H- 
BOBOft  XBCJIOm 

CCl;PO(OC,Hj), 

— 

88-89 

12m 

1,4616 

S 

RB6ynnoBult 

CH,PO(OC«H,), 

— 

84-85 

0,9768 

1,4251 

KHCaOTU 

* 

■ 

9 

AnOyraaosuft 
»<fnp  xaop- 
uerBa^ocjinc- 

BOS  KHC.10TH 

ClCHtPO(OCtHt)i 

112-113 

!  | 

1,0632 

14420 

1  0 

XfaCyTtaoBwfl 
?$Ep  TpHaaop- 
MeTDa^OC^BHO- 
BO&  KncaoTH 

ccuPoceokK,)! 

124—125 

i2m 

1.45C0 

1  1 

AmJeHnacnufi 
a<Jmp  Tpuxaop- 
uenia$oc$HHO 
BOft  KQeaOTU 

CCl|PO(OC(K|), 

66,5—67,0 

1  2 

Au(ueTaa- 
CKTnacAna- 
auiu)Tpiixaop- 
’leTiia^oc^ipHO- 
Boft  xncaoTH 

CCI  ,P  0  [  N  (CH,}C|(Hn  ], 

53^-53.5 

1 


1)  Additive 

2)  Formula 

3)  Melting  point,  °C 

4)  Boiling  point,  °C  (at  2  mm  Hg) 

Density 

6)  Refractive  index 

7)  Diethyl  ester  of  trichloromethylphosphonic 
acid 

8)  Dibutyl  ester  of  methylphosphonic  acid 

9)  Dibutyl  ester  of  chlorcmethylphosphonic 
acid 

10)  Dibutyl  ester  of  trichloromethylphosphonic 
acid 

11)  Diphenyl  ester  of  trichloromethylphos¬ 
phonic  acid 

12 )  Di (me thy loctadecylamide) trichloromethyl¬ 
phosphonic  acid. 
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TABLE  11.48 

Properties  of  Certain  Chloroalkyl  Phosphites  Used  as  Antiwear  Ad¬ 
ditives  [273 


1 

.  npMtxn 

2 

ttopMrm 

4 

TtJWop»T7J)t 
Nmwnm,  *0 
(npn  ocmwom 
jiiu<nn, 
mm  pm.  cm.) 

s 

Xtaer* 

■tm 

*r 

Meat 

npM> 

MJKRIM 

»• 

nO 

7 

lOenapMu* 

HIM 

V* 

s  Tfa »nu$oo$*r 

! 

(CH,CH,G),P 

■ 

49,0-50,0  (12) 

0,9665 

14125 

9  Tpi(xxoptTu)$o<>$>T 

(ClCH,CH,0),P 

1 

112/}— 1154)  (2<S) 

1.H43 

14818 

3947 

1  o  AwarruMTpnxaojnnafyocfywT 

(CC1,CH,0)P(0C,H,), 

— 

840-845  (3) 

1.2V24 

14588 

3947 

1 1  Tpa(Tyiuopmu)toc4m 

(CCLCH{0),P 

163/)— 1654)  (5) 

1,6485 

14182 

684)8 

2;  Tp»(TpM*>p6jnr*a)4oc$*T 

[CCl|C(CH^O}|P  . 

434-444 

— 

— 

56,10 

1)  Additive 

2 )  Formula 

3)  Melting  point,  °C 

4)  Boiling  point,  °C  (at  residual  pressure  of  ...»  mm  Hg) 

5)  Density 

6)  Refractive  index 

7)  Chlorine  content 

8)  Triethyl  phosphite 

9)  Tri(chloroethyl)  phosphite 

10)  Diethyltrichloroethyl  phosphite 

11)  Tri(trichloroethyl)  phosphite 

12)  Trl(trichlorobutyl)  phosphite. 
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TABLE  11.49 

Properties  of  Additives  Synthesized  from  Xanthogenates  £28] 


1)  Additive 

2)  Formula 

3)  Composition  of  additive 

4)  Pour  point,  °C 

5)  Density,  g/cm* 

6)  Viscosity  (cSt)  at 

7)  Content  of  ...,  %  by  mass 

8)  Sulfur 

9)  Chlorine 

10)  Critical  load  F^,  kg  (four-ball  machine) 

11)  Worn -spot  diameter,  mm 

12)  LZ-. . . 

13)  Ethylene -its -ethyl  xanthogenate 

14)  (Crystallizes) 

15)  Ethylene-Ms-ethylpropyl  xanthogenate 

16)  Below 

17)  Ethylene -Ms -butyl  xanthogenate 

18)  iao- 

1S)  Ethylene-Ks-isobutyl  xanthogenate 

20)  Ethylene-Ma -isoamyl  xanthogenate 

21)  Ethylene-bie -xanthogenate  of  C7-C9  alcohols 

22)  Ethylene -Ms -isopropyl  xanthogenate  (crys¬ 
talline) 

23)  Ethylene-Ks-isobutyl  xanthogenate  (crys¬ 
talline) 

24)  Dibutyl  xanthol 

25)  Diisoamyl  xanthol. 


« 


TABLE  11.50 


Comparative  Antiscoring  Properties  of  Commercial  and  Experimental 
Additives  in  DS-1*  Oil  [30]  (ChShM-3  Pour-Ball  Machine,  AUSS  9^90- 
60  Test) 
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1)  Additive 

2)  Formula 

3)  Name 

4)  Recommended  concentration  in  oil,  % 

5)  Content  of  active  elements  in  additive 

6)  Results  of  teste  of  oil  with  additive 

7)  OWI 

8) .  LZ-. . . 

9)  Ethylene -Me  -butyl  xanthogenate 

10)  BEK 

11)  Bis-ethyl  xanthogenate 

12)  tao- 

13)  Ethylene-Ka -isoamyl  xanthogenate 
1*0  Ethylene-Ma-isopropyl  xanthogenate 

15)  Diisoamyl  xanthol 

16)  Dibutyl  xanthol 

17)  MDS  sulfuretted  terpenes 

18)  8,8'-Mercaptoethyl  ester 

19)  NAMI-T-122 

20 )  From 

21)  To 

22)  Chlorinated  paraffin 

23)  AzNII-9 

24)  Chlorinated  naphtha 

25)  Hexachloroethane 

26)  Sovol 

27)  And 

28)  Mixture  of  tetra-  and  pentachlorodiphenyl 

29)  Chloref - 

30)  Butyl  eater  of  trichloromethylphosphonlc  acid 

31)  Chlorine -phosphorus  additive 

32)  Dlisoamyl  ester  of  trichloroacetoxyethylphoephonic  acid 

33)  Butyl  eater  of  monochloromsthylphosphonic  acid 

34)  L-5/9  ♦  molybdenum  blue 

35)  EFO 

36)  Residual  extract  treated  with  phosphorus  pentasulfide 

37)  SF-2 

38)  Bottoms  from  distillation  of  alkylate  for  Ionol  additive, 
treated  with  phosphorus  psntasulfide 

39)  Dithiophosphate  obtained  by  treating  alkylphenol  with  phos¬ 
phorus  pentasulfide 

40)  Original  oil. 
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TABLE  H.51 

Characterization  of  Antiscoring  Additives  Containing  Several  Ac¬ 
tive  Elements,  and  Test  Results  for  DS-14  Oil  with  the  Additives 
[30] _ 
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•Tests  run  by  method  of  AUSS  9A90-6O. 

1)  Miuitive 

2)  Formula 

3)  Main 

*0  Active-element  contents  in  additive 

5)  Test  results  for  oil  with  additives 

6)  Amount  of  additive,  %  bv  mass 

7)  Corrosion  of  steel,  g/nr 

8)  Tests  on  ChShM-3  four-ball  machine* 

9)  OWI 

10)  Additives  containing  jhlorine  end  phosphorus 

11)  Chloref-. . . 

12)  Butyl  ester  of  trichloromethy lphosphonlc  acid 

13)  Butyl  ester  of  monoohlorc.iie.hy lphosphonlc  acid 
1*0  Additives  containing  sulfur  and  phosphorus 

15 )  EPO 

16)  Residual  extract  treated  with  phosphorus  pentssuiflc  - 

17)  SF-2 

18}  Bottoms  from  distillation  of  alkylate  for  Ionol  additive, 
treated  with  phosphorus  pentasulflde 

19)  3%  5 ,  Phosphorus  not  determined 

20)  LZ-30 

21)  Dithlophosphate  obtained  by  treating  alkylphenol  with  pl.os- 
phorus  penfcasulfide 

22)  Additives  containing  sulfur*  chlorine  and  sulfur,  chlorine 
and  phosphorus 

23)  Hexachjioro  sulfide 
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40  Sanaa 


24) 

25) 

26) 

27) 

28) 


Di-(trichloroheptyl)  sulfide 
Hsxachloro  sulfide  and  DF-11 

Same,  in  mixture  with  zinc  dialkyl  dithiophosphate  (see  Table 

12.63) 

Additives  containing  molybdenum  and  sulfur 
LZ-6/9  and  molybdenum  blue. 


TABLE  11.52 

Characteristics  of  Domestic  and  Foreign  Antiwear  Additives  [31] 
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-  728  - 


TABLE  11.52  (continued) 
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is  3epy6ew«ue  apnea**! 

1  9  <Pupjtc  *Jhotptuo>t» 


2  0 

AwviaMOJi-48 

7HepBHini»  nepeaana 

1.7 

154 

13 

_ 

AitraaMOji-70 

'  1  rimoiflnua  nepeaau  no  CS-2758 

4.9 

21.7 

033 

— 

2  2 

AiininMOA-71  bah  Atrn. 

MOfl-01 

9To  we 

18-173 

163-18 

24-83 

M-M 

AnraaMon-82 

;  3  Syfaarue  nep«aa<ia  MIL-L-2105 

103 

23 

03 

— 

Amviawofl-83 

9  To  we 

5.25 

213 

033 

•— 

AurnaMOJi-85 

» 

8.7 

194 

03 

•  — 

AHrflaMOfl-88 

» 

43 

204 

03 

— 

Anraanoa-93 

!  4  Macao  cepsH  GL-4  daa  ranoiasiix 
nepp^ai  no  MIL-L  2105A 

16.0 

183 

84 

IQ 

AiirAanoji-50 

’  5  ayfiianie  nepeAau  s  .  cmiowk- 
oxnawsaioniM  mxaMoct*  rxm  o 6pa- 
Ootxi  Merann 

49 

Anraawoa-40 

9  To  we 

— 

**40 

r 

« 

— 

AnraaMoa-31 

» 

42.5 

03 

— 

— 

Anrnauoa-35 

» 

19 

23 

— 

— 

AHraauoj:-3G 

> 

18 

223 

.  — 

Anrnauoa-32 

» 

46 

— 

■  — 

— 

2  S 

JIn0pK8OArl060 

!  7  Moropajie  ■  rpaa' .  xm  iu- 

cxa 

163 

84 

as 

i 

JIn0pA3OA-13€0 

9  To  we 

133 

—  _ 

0.74 

.0.7? 

M 

JIn0praoA-880 

b  gTypfnwe  *  raApeeAneexse  *a- 
uia 

■  038 

183 

— 

V 

j|  JI»0pH3OA-284  •• 

3  aTaAponepeflaat,  wnaxooT*  .me  A, 
Cy<t$*itc  A 

33 

— 

135 

130 

JTnOpnaoA-243  1 

3  lTnAPaBAnaditiie  wui 

935 

— 

— 

JIn6piuoa-245  1 

3  jHHAycTpKAAaHt  uaeaa  | 

3  3  Qupjtm  mMohcm* 

104 

MUM 

i 

■ 

3  4 

CauronoAA-22,  RI 

3  ij3y6ean»t  a  TOM  W0AS 

nraoKAnut) 

12 

iC.5 

33 

3.5 

CanTMjoBA-23,  RI 

9T0  m 

13.? 

144 

4.1 

3.7 

CairronoiW'32 

* 

8u 

264 

C36 

— 

CanTOOOBA-33 

» 

04' 

264 

035 

— 

CanronoBA-44 

12,: 

273 

13 

1.3 

3  6 

Moxrornp-E 

» 

3  7  0upM»  iHnOacti 

44 

1 

Ku 

303 

1 

13 

1 

J 

!  03 

ao 

3  8 

topanoKA-109 

|3  2HiAy«TpxeA4nie  uaeaa  1  74 

j  fupMu  *9mm 

1  03 

i 

l  -  1 

i  i 

4  0 

CL-KOUH*HTpaT 

jl  4ranoiAiu«  nepeAiaa  1  4.7 

1,  !  0UpMS 

1  43 

1  - 

I  -  i 

4  2 

AAkiJa-xaop-33 

p  sayOeenie  nepMev  I  —  1  83 

4  3  0apaa  iBttnmi  mmw  pil  wle^lym 

1  - 

i  -  .1 

4  4 

catep  H-rn»— 

♦To  we 

— 

18 

I  83 

— 

4  5 

boftop-JIS 

• 

-** 

If 

|  w 

2 

9 

10 

10 

8-9 

8.75 

9 

9.5 

2-7 


10 

03-8 

1-12 

1-10 

03-5 

04-23 


2.9-74 

1-8 


83-15 

10-15 

83 

8.75 

10 

53— It 


10 


0.1-1 

0.1-13 


•Barium  content  4.2>. 
••Barium  content  l^JS. 
•••PbO  content  7.5S 
••••Nitrogen  content  0.5X. 
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1)  Additive 

2)  Range  of  application 

3)  Content  of  active  elements 
in  additive,  % 

4)  Recommended  additive  con¬ 
centration  in  oil,  % 

5)  Domestic  additives 

6)  EZ-. . . 

7)  Worm  drives 

8)  Gear  drives  (except  for 
hypold  types) 

9 )  Same 

10)  LZ-. . . 

11)  Traces 

12)  Sul'fol 

13)  Chloref~40 

14)  Hypcid  drives 

15)  Sul'fol  and  DP-11 

16)  DP- . . . 

17)  Multipurpose,  e.g.,  hy¬ 
draulic  systems  and  fluid 
drives 

18)  Foreign  additives 

19)  Lubrisol 

20)  Anglamol-... 

21)  Hypoid  drives  according 
to  CS-2758 

22)  Anglamol-71  or  Anglamol-91 

23)  Gear  drives,  MIL-L-2105 

24)  Series  GL-4  oil  fcr  hy¬ 
poid  drives  according  to 
MIL-L-2105A 

25)  Gear  drives  and  cutting 
fluids  for  metals 


26)  Lubrisol-... 

27)  Motor  and  drive  train  oils 

28)  %  by  volume 

29)  Turbine  and  hydraulic  oils 

30)  Hydraulic  drives,  fluids 
cf  type  A,  suffix  A 

31)  Hydraulic  oils 

32)  Industrial  oils 

33)  Monsanto 

34)  Santopoid-. . . 

35)  Gear  drives,  including  hy¬ 
poid 

36)  Montogear-B 

37)  Indshey  K° 

38)  Parapoid-109 

39)  Elco  Lubricant 

40)  CL  concentrate*** 

41)  Carlisle 

42)  Alpha-Chlor-33 

43)  Badische  Anilin-  und  Soda- 
fab  rik 

44)  Bayer  I-GL**** 

45)  Bayer-LE. 


Ir 

A'fm 
f  *  V 

‘r—“T" 

' 

□ 

- 

»■ 

6- 

3 

P 

If" 

Mirtf 

C  CodepMtme  apu,% 


Pig.  11.20.  Wear  of  YaAZ-20'4  engine  parts  as  a  function  cf  sulfur 
content  in  fuel  and  additive  concentration  in  oil  [33]:  I)  top 
compression  rings;  II)  upper  belt  of  cylinder  sleeves;  III)  second 
belt  of  cylinder  sleeves;  Q)  oil  4  5J  T&IATIH-339  additive:  A)  oil 
+  3%  TsIATIM-339  additive.  A)  Weight  worn  off  ring*,  mg;  B'  C'  li  - 
der-sieeve  diametral  wear  (by  crescent  method),  vm;  C)  sulfur  con¬ 
tent,  %. 
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6.  DETERGENT  AND  MULTIPURPOSE  ADDITIVES 

Detergent  additives  are  those  whose  use  in  the  oil  keeps  en¬ 
gine  parts  clean,  i.e.,  ensures  that  metal  surfaces  in  contact 
with  the  oil  will  remain  free  of  carbon  deposits  in  the  form  of 
varnish  and  sludge. 

Soaps  of  naphthenic  or  sulfo  acids  or  phenolates  are  used  as 
detergent  additives.  The  metals  in  the  soaps  or  phenolates  are 
usually  Ba  and  Ca,  and  less  often  Zn,  Al,  and  Mg.  In  some  cases, 
the  metal  is  introduced  into  the  additive  in  a  quantity  substan¬ 
tially  exceeding  the  stoichiometrically  possible  amount  by  forma¬ 
tion  of  higher  complexes,  such  as  (RArSO,),  —  Ca-CaO<Ca(8H)f.  Such  com¬ 
plexes  have  excess  alkalinity  and  can  neutralize  fuel  combustion 
products  and  acid  products  that  form  in  the  oil. 

Detergent  additives  are  used  in  oils  in  amounts  of  1-3  to  5- 
10JJ ,  and  sometimes  more.  Most  of  them  are  introduced  simultaneously 
with  other  additives,  chiefly  antioxidant,  anticorrosion  and  anti¬ 
foam  additives. 

The  mechanism  by  which  detergent  additives  act  is  based  on 
their  ability: 

to  hold  insoluble  oxidation  products  (formed  in  the  oil)  and 
soots  (which  get  into  the  oil  from  outside)  in  a  finely  dispersed 
state,  preventing  aggregation  and  sedimentation  of  these  particles 
from  the  oil  and  their  settling  on  engine  parts; 

to  disperse  large  particles  that  have  already  formed  and  con¬ 
vert  them  tp  fine  suspensions; 

to  neutralize  aggressive  acid  products  (basically  those 
formed  during  combustion  of  sulfur-containing  fuel)  and  delay  the 
accumulation  of  insoluble  soaps  in  the  oil; 

to  render  oxidation  products  soluble  and  absorb  them,  both  at 
the  time  of  their  formation  and  in  later  stages  of  the  oxidative 
polymerisation  process  by  the  action  of  additive  micelles  present 
in  the  oil  in  the  form  of  a  colloidal  suspension. 

Not  infrequently,  detergent  additives  are  also  carriers  of 
other  maj or  operational  properties  of  the  oils:  anticorrosion, 
rust-preventive,  etc.  In  such  cases,  they  may  be  classed  as  multi¬ 
purpose  additives . 

Multipurpose  additives  are  those  which  are  capable  of  improv¬ 
ing  several  operational  properties  of  the  oils.  This  is  usually 
brought  about  by  introducing  various  functional  groups,  which  are 
responsible  for  the  versatility  of  the  additive,  into  a  single 
compound. 

,‘.s  an  example,  we  might  cite  the  sulfuretted  barium  alkyl- 
p'nenate  examined  above,  which  exhibits  anticorrosion  and  antioxi¬ 
dant  properties  simultaneously  by  virtue  cf  its  content  cf  sulfide 
sulfur,  detergent  properties  by  virtue  of  the  barium  phenolate 
group,  and,  if  R  is  a  macromolecular  alkyl  radical  (*C *•-£**), 


-  731  - 


TABLE  11.53 

Properties  of  Sulfonate  Additives  [26] 


1 


2 


□pmum 


noMMTM*' 


6  Bnsufii  hi 


I  o  BmxocTb  xnaeManmciufl  npi 

100*  C,  cm . 

I I  3ofluiocn,  H  (eyab^anu) 

1  2  3oabBocn,  % . 

1  3  lBeaonocTb,  jhi  KOH  aa  1  •: 

1  4  no  $eBoa$TMeuy  .... 
is  no  opoujieaoa  canny  .  . 
l  6  I(mt  NPA,  napxa: 

1  7  6ea  pas6auenn . 

1  e  paaoaB-ieane  1 : 30  a  (Sea* 

sane . 

1  9  paaSaBneaae  1 : 80  a  (Sea- 
aam  . . 


3  Cfi*l 

imtca 

SBIMtl 

HMlt 

7  Hapia* 

3  Mepaia  woo* 

»  Siam* 

rycTaa 

Aanwaaa  uaeea 

npospraa* 

MHAXoen 

. 

MuxocTb 

16,77 

714 

814 

264 

74 

25,0 

6,7 

16 

6,° 

’>,5 

— 

8 

141 

8,6 

9.9 

664 

114 

127 

154 

100 

8 

8 

8 

34-4 

8 

8 

8 

0 

3 

5 

4 

0 

1)  Index 

2)  Additive 

3)  SB-3 

4)  PMS'Ya 

5)  NG-102 

6)  External  appearance 

7)  Thick  black  liquid 

8)  Immobile  black  mass 

9)  Transparent  yellow  liquid 

10)  Kinematic  viscosity  at 

100°C,  cSt 


11)  Ash,  %  (sulfates) 

12)  Ash,  % 

13^  Alkalinity  [sic],  mg  of 
KOH  to  1  g 

14)  Phenolphthalein  indicator 

15)  Bromphenol  blue  indicator 

16)  NPA  color,  grade 

17)  Undiluted 

18)  1:30  dilution  in  gasoline 

19)  1:60  dilution  in  gasoline. 


then  depressor  properties  as  well. 

Metal  dialkyl  dithiophosphates  are  also  to  be  included  among 
the  multipurpose  additives.  For  example,  barium  dialkyl  dithio- 
phosphate  |(if<jyiPSS]»Ba  has  anticorrosion,  antioxidant,  antiwear  and 
de t  e  r gent  p  rope  rt  i  e  s . 


u  4  4.  J  a,  mam#.  **  *■  m  4  4»  a  a 

.... - - ••  •  —  . .  . ’I  UCIIU  UV  411  Vi  VUUW 


i.n  many  oases,  uowever,  j. o  xS  more  convsn 

several  additives  with  different  functions  into  the  oil,  rather 
than  a  single  compound  containing  all  of  the  necessary  functional 
groups;  in  some  cases,  the  latter  is  simply  impossible. 


Combination  of  additives  to  form  mixes  is  more  convenient. 


Mixes  of  several  multipurpose  additives  or  of  multipurpose 
with  single-purpose  additives  are  frequently  compounded.  It  must 
be  remembered,  however,  that  single-purpose  additives  are  practi¬ 
cally  nonexistent,  since  all  additives  influence  several  proper¬ 
ties  of  oils  (to  a  greater  or  lesser  degree). 

Tables  11. 53-11.60  present  data  characterizing  metal-sulfo¬ 
nate-type  additives,  their  influence  on  the  physicochemical  and 
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operational  properties  of  motor  oils,  and  the  influence  of  metal- 
sulfonate  composition  on  effectiveness. 

Metal  sulfonates  are  effective  detergents;  they  lower  the 
stability  of  oils  to  oxidation  and  have  little  influence  on  the 
corrosive  properties  of  the  oils;  in  the  presence  of  a  large  num¬ 
ber  of  carbons  in  the  alkyl  side  chains,  sulfonates  may  exhibit 
depressor  properties.  To  obtain  oils  with  high  detergent,  antioxi 
dant  and  anticorrosion  properties,  it  is  expedient  to  combine 
metal  sulfonates  with  antioxidant  and  anticorrosion  additives. 

TABLE  11.54 


Comparative  Laboratory  Tests  of  Oils  with 
Sulfonate  Additives  [26] 


1 

QKSSSSH 

nOKIWTMl 

arnic’s 

|  *»  CB-J 

5  HT-10J 

HT-104 

6  Pfl»xocTj>  KuucuainiecKax  npn  100®  C, 
ten: 

7  ao  OKueaeawi  . •  . 

8  noc.is  OKncjesm*  ...... 

21,0 

10,8 

21,6 

18.0 

40 

37 

86 

87 

9  Mo»mne  CBofliTBa  no  I13B,  2%  cyav 

$oa«Ta  a  AC-11.  6ujui  .... 

0,5-1 

0-0,5 

o-o,? 

26 

0-0,5 

i  o  TepMOOxaeanrenuiMeraCiUMioenoo 
ilanox,  10%  cyjiwJiOHaTB  9  AC-11. 

MUH  . . 

f 

28 

20 

82 

l  i  Koppoamt  no  rinEKeEnty  (icrnm- 
bum  aa  cbohaoboH  nnacrHXKc), 
10%  cyawfcoHaTa  a  AC-11,  i/m* 

0.1 

4,2 

6,8 

3,3 

l  2  HcnwraHOH  b  npnCope  ftR-2,  10% 
cyni^osaTB  b  MC-20:  kdcjiothc* 
incjio,  mi  KOH  Ht  1 1: 

1  8  ao  OKncaeMW  ......... 

-0,12* 

-0,23* 

-0,14* 

-0,41* 

1  i»noc.ie  oKnueBiu  ...... 

5,1 

3,4 

8,0 

1.8 

1  5  Ociuor  nocjie  OKnc.’ienu*  (aepacno- 
piooie  •  GeaauHt).  %  ' . 

0,58 

0.55 

OSS 

04)05 

l  6  norepa  uaccu  mcxboH  nnaenam,  i 

0,0046 

0,0035 

0,0045 

0,0022 

•The  minus  sign  indicates  that  the  oil  had 
an  alkaline  reaction  before  oxidation. 

1)  Index 
?)  Additive 
3)  PMS'Ya 
4}  SB-3 

5)  NG-102 

6)  Kinematic  viscosity  at  100°C,  cSt 

7)  Before  oxidation 
B)  After  oxidation 

9)  PZV  detergent  properties,  25  sulfonate  in 
DS-11,  points 

10)  Papok  stability  to  thermal  oxidation,  105 
sulfonate  in  DS-11,  min 

11)  Plnkevich  corrosion  (lead-plate  test),  105 
sulfonate  in  DS-11,  g/ra* 

12)  Tests  in  DK-2  instrument,  105  sulfonate 
in  MS-20:  acid  number,  mg  of  KOH  to  1  g 

13)  Before  oxidation 
14;  After  oxidation 

15)  Sediment  after  oxidation  (gasoline-insol¬ 
uble),  5 

16)  Loss  of  mass  by  copper  plate,  g. 
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TABLE  11.55 


Petroleum  Products  as  Raw  Materials  for  Production  of  Sulfonates 
[26] 


Raw  material 

Molecu¬ 

lar 

weight 

Type  of  sulfo¬ 
nates  obtained 

Basic  application 

Kerosenes,  gas 
oils,  cracked 
paraffins,  MVP 
oil,  light  in¬ 
dustrial  oils 

170-300 

Sodium  salts, 
-soluble 
sulfonates 

Weteing,  degreas¬ 
ing  and  detergent 
properties.  Ds- 
emulsifier8 . 
Foaming  agents 

AS-6  oil,  selec¬ 
tive-refining 
extracts 

350-370 

Sodium  salts, 

water-oil-soluble 

sulfonates 

Oil -in-water 
emulsifiers,  base 
for  production  of 
Emulsols 

Calcium  salts, 
oil-soluble  sul¬ 
fonates 

Rust  inhibitors, 
anticorrosion  ad¬ 
ditives  for  fuels 
and  oils 

Oils  AS-9.5; 

DS-8,  DS-11, 
MS-20,  etc. 

400-600 

Salts  of  all  met¬ 
als  -  oil-soluble 
sulfonates 

Detergent-dis¬ 
persing  additives 
to  motor  oils 

TABLE  11.56 

Influence  of  Number  of  Carbons  in  Alkyl  Side  Chains  of  Sulfo  Acid 
Salts  on  Their  Effectiveness  [3*0 


a*  x»kt. 


1  o  Mmm  RBAycrpnah- 
KM  80 

1  1  To  iM-f  npitucn: 

(•pMMi  con: 

1  2  Wt-OKTUllI* 

njoncyn- 

^OKKJRmi 

l  )  «tK-«MMaunof> 
Ttnacyn^o- 
KRJMmi 


1  k 


1  >  wHHp(W». 


— CijH, — 

(CttK« — 80c>iBi 


3 

Ho 

<M _ 

do  mi, 


8-ftJi 


4ft 


u 


LO-U 


tA-U 


OnO  amour,  a*  Aiffiil, 


*P 

raa  . 
II  w 


17ft 


72 


m: 


KoppOWH  BO  111 
<10  k) 


eo  k 

■  to 


0J1 


OJft 


(US 


Oftt 


0 /*», 


9Ut 


38.7ft 


19.74 


HOI 


mn 


Not*.  Additive  content  in  oil  \%  by  mass 


1) 

Product 

9) 

Corrosion  of  lead  plate. 

2) 

Hypothetical  empirical 

g/m2 

formula 

10) 

Industrial  oil  50 

3) 

PZV  detergent  properties. 

11) 

Same  +  addV  .  w* :  barium 

points 

salts 

«) 

AzNIJ  stability,  minutes 

12) 

iso-octylnaphthalenesulfo- 

5) 

Induction  period 

acid 

6) 

Time  to  absorb  20  ml  of 

13) 

iao-dodecylnaphthalenesul- 

oxygen 

foacld 

7) 

Pinkevlch  corrosion  (50 

14) 

iso-cetylnaphthalenesulfo- 

hours) 

acid 

8) 

Acid  number,  mg  of  KOH  to 

15) 

ieo-tetracosylnaphthalene- 

1  g 

sulfoacid. 

TABLE  11.57 


Influence  of  Nature  of  Metal  on  Effectiveness  of  Sulfoacids  [3^3 


2 

s 

.  OnOan 
4  Aaiun 

HOT  M 

1,  Mmn 

_  KoppoMM  OO  mat- 
7  aMT(H«l 

i 

npMyNT 

Op«oaauaMMM«pMMaM 

lim1" 

s 

t 

9 

KSCJItT- 

IW  29 

MKOk 
aa  1  * 

«/«• 

l  o  Macao  anaycTpaaafcooo  50 

1  i  To  **•+ npacaaaa; 

— 

5-S4 

5 

175 

041 

■ 

5094 

1 2  aaaifKBoaaa  coat  Mo-qmitfoa* 
•oacyntoKacaoni 

(CmH^—C^H,— 80J*Ca 

M~U> 

5 

64 

040 

4341 

1  l  fepaaux  coaa  im  amu&xaoa- 
cya^oKacaom 

(ClaH't— C«H«— SO^)aBa 

SjO 

0 

40 

033 

6X00 

1  4  crpoMKaeaaa  coat,  uw-qrnuOM- 
anaeyak*£-MaKaoni 

(Cw»«~CfH^SO^>Sr 

34-44 

7 

et 

07* 

42.15 

1 5  iui4Diu  coaa  tm-qm laOosaea* 
cyu^oaacaoni 

(CliH<l-CfH4-801)lPb 

1 

xo 

1 

) 

109 

j 

042 

64.71 

1 1  KoteaaToaaa  eoit  iu«>iaraa6*a- 
•oacyat4oRacaont 

u 

IS 

145 

041 

4447 

1 7  Mjpta  mu  aw  eiMtati- 
qfUtWWMM 

a 

111 

OM 

4447 

Note 

.  Additive  content  in  oil  It 

by  mass 

• 

1) 

Product 

8) 

Acid  number,  mg  of  KOH  to 

2) 

Hypothetical  empirical 

1  « 

formula 

9) 

Lead-plate  corrosion,  g/m’ 

3) 

PZV  detergent  properties. 

10) 

Industrial  oil  50 

points 

ID 

Same  ♦  additive* 

*) 

AcNII  stability,  minutes 

12) 

Calcium  salt  of  i$o~ cetyi- 

5) 

Induction  period 

bentolsulfoacid 

6) 

Time  to  absorb  20  ml  of 

13) 

Barium  aalt  of  <*©-cetjrl- 

oxygen 

bensolsulfoacld 

7) 

Pinkevich  corrosion  (50 

1*) 

Strontium  aalt  of  i*e- 

hours) 

cetylbenaolsulfoacld 
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15)  Lead  salt  of  iao- cetyl-  17)  Copper  salt  of  teo-cetyl- 

benzolsulfoacid  benzolsulfoacid. 

16)  Cobalt  salt  of  tso-cetyl- 
benzolsulfoacld 


TABLE  11.58 


1 0 

1 1 


Influence  of  Type  of  Aromatic  Ring  and  Functional  Croups  on  Ef 
fectiveness  of  Sulfoacid  Salts  [3^] 


1 

□pQRpit 


Macxo  HiaycrpxxxMoo  SO 
To  M+npRcuxa: 

I  2  XMMweia*  eoaa  (Mo-qanxSaaaoxcyaa^oaac- 

XOTH 

I I  OapMoaaa  cox*  iu»-a*rax6oB30xcyxfc$oiMicxoTw 
1  *»  mxMUMiax  coxa  Ma-mraxaa^raxnacyxb^o- 

KHCXOTH 

1  5  (Sap  no  tax  coxa  itM-qmMaa^raxRacyxafonc- 
xoru 

1  *  aaxaUMMa  coxa  uM-qanxraTpaxMcyxa^o- 
RXCXOTH 

X  7  fiapaoM*  coxa  M*-qmxi*TpaxMcyxa4oMO- 

XOTH 

l  a  aaxauwaaa  coxa  aj»-mToJtawoacyxi4oinic- 


t  1 
2  0 

2  l 


6a  pm  mx  coxa  lua-xrraa+a— xcyxa+oaacxoTH 
aaxvaaaaaa  coxa  aaa-oaToxiaaoa«xap6aHin  a- 
7M4onum 
fapMux 


m 

CnlMwtMn 
ns  XSHHH, 

k  XUN 

,  Honpoaaft 

7  BO  n«MM> 
inxy  (SO  <■) 

2 

nHHMIHHM  MWpXTWWpi 

aw  mxx 

jgj 

‘  g 

81 

fl 

III 

•  h 

i’i 

lii 

Ilf 

llfi 

— 

5-;»4 

5 

175 

041 

594% 

(C^|H|g — Cf  H4 — SO  j)|  Cl 

34-44 

5 

M 

026 

4341 

3X> 

3.5 

8 

7 

49 

86 

0,33 

04fc 

6240 

2246 

(C1,Hm-CmH1-SO,)iBx 

24-24 

7 

82 

043 

5007 

(C1.H*-CMHir-SO»),Cx 

44 

7 

81 

027 

4244 

(Ci«H*— SO,),Ba 

34 

5 

54 

041 

S&53 

[CuH--C^yOH)-SO,ACx 

40 

31 

219 

029 

8348 

U 

&Mi 

30 

7 

305 

97 

0J8 

041 

71.72 

4143 

(CuH.-c^a-so^a. 

M 

5 

38 

0J4 

8744 

Note.  Additive  content  in  oil  It  by  mass:. 

1)  Product 

2)  Hypothetical  empirical  formula 

3)  PZV  detergent  properties,  points 

4)  AaNII  stability,  minutes 

5)  Induction  period 

6}  Time  to  absorb  20  ml  of  oxygen 

7)  Plnkevlch  corrosion  (50  hours) 

8)  Acid  number,  1*5  of  KuH  to  1  g 

9)  Lead-plate  corrosion,  g/ra* 

10)  Industrial  oil  50 

11)  Same  ♦  additives 

12)  Calcium  salt  of  iso-cecylbenzolsulfcscid 

13)  Barium  salt  of  ieo-cetylbenzolsulfoaci J 

14)  Calcium  salt  of  tso-cetylnaphthalenesulfoacid 

15)  Barium  salt  of  ieo-cetylnaphthalenesulfoacid 

16)  Calcium  salt  of  teo-cetyltetralinsulfcaeld 

17)  Barium  salt  of  iso-cetyltetralinsulR icld 

18)  Calcium  salt  of  ieo-cetylphenolaulfoa-.id 

19)  Barium  salt  of  ieo-cetylphenolsulfcacld 

20)  Calcium  salt  of  teo-cety'1  ''•^o^hlorobenzolsulfoacid 

21)  Barium  salt  of  <»o-cet  hlorobenzolsulfoacid. 
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E  Macro  AK-15 
H  To  im+npiicaAiia: 

I  Sap  Retail  con  MM'q*nu6eaocyat4oxacMTM 

J  RaromwiiM  coat  aaxjafiaaaoacyat^caxcroru 
(MNuxpoucm  dtaaoit  uepapoatawM 
napt$uotf) 

K  SapiMBM  con  •nufeatMcyn^eKRcroni 
{ajixanpowum  Seaton  zropapoumix 
aapa^noM) 

L  6ap*eaaa  con  w*-nmHun$mn«qrn4oii*o- 

MTU 

M  aaatoaoua  eon  WHwpaw m  jw MB- 
cy*t$oxt-*rtr 

N  Sadrcmr  con  att-TtTpanotmafoamcytv- 

fORRCJOTU 

0  Sapaeuaa  co»rt  uM  Otrtu^aRoacyat^cincronii 
P  (mpmmr  con  iMP-oarRaMoooaacpScnoacyat- 


(C»HB-CtH4-SO^Ba 
(C*H  i«~C|  H4— 80»)»Ca 


IDMNt  coaj 

|OOCMTH 


c 

TMRMgltm 

&~,C—5 

- 

Or  — 4  m  — 6 

i 

Or  —JO  »  —  a 

1? 

Or  —20  a»  -» 

« 

Or  -  3  m  —6 

0 

Or  —  J  J  xf>  -a 

17 

1 

Or  —20  m 

17 

Or  —4  at  0 

t 

!  Or  —4  a  — • 

1 

Not®.  Additive  content  in  oil  If  by  mass. 

A)  Product 

B)  Hypothetical  empirical  formula 

C)  Pour  point,  °C 

D)  Pour-point  depression,  cC 

E)  AK-15  oil 

P)  Prom 

G)  To 

H)  Same  ♦  additives 

I)  Barium  salt  of  i«o-cetylbencosulfoacid 

J)  Calcium  salt  of  alkyibenzolaulfoacid  (alkylation  of  benzol 
by  chlorinated  paraffin) 

K)  Barium  salt  of  alkyibenzolaulfoacid  (alkylation  of  benzol  by 
chlorinat'd  paraffin) 

L)  Bari im  salt  of  i« o-cetyinaphthalenesulfoacid 

M)  Calcium  salt  of  iao-tetracoaylnrphthalrnesulfoacid 

N)  Barium  salt  of  tao-tetracosy lnaphthalenesulfoacid 

O)  Barium  salt  of  ieo-cetylphenolsulfoacid 

p)  Barium  salt  of  tao-cetylmonochlorobenzolaulfoacid. 


1) 

2) 

3) 

4) 

5) 

6) 
7) 

6) 

Q) 


TABLE  11,60 

Results  of  Laboratory  Tests  on  Oils  with 
Various  Sulfonate  Additives  [34] 


Product 
Ash ,  * 

PZV  detergent  properties, 
points 

Pinkevich  corrosion  (on 
lead  plates),  g/m* 

VTI  oxidation  (14  hours 
at  160°C) 

Amount  of  sediment,  * 

Acid  number,  mg  of  KOH  to 
1  8 

DS-11  diesel  oil  (Baku 
crude) 

3«m  4  additives 


10)  SB-3 

11)  101  cf  SB-3  additive  (cal¬ 
cium  salt) 

12)  None 

13)  10*  PMS’Ya 
14}  Same 

15)  15*  NG-104 

16)  DS-11  diesel  oil  (eastern 
crude) 

17)  Same  ♦  additives 

18)  10*  P MS-19 

19)  15*  N0-102. 


Tables  11.61-11.67  set  forth  the  properties  of  dialkyl  dl- 
thiophosphate  derivatives  used  as  multipurpose  additives.  These 
additives  are  effective  antioxidation,  anticorrosion  and  antiwear 
agents.  A  number  of  additives  of  this  type  also  have  effective  de¬ 
tergent  and  deemulsifying  properties.  In  combination  with  sulfo¬ 
nate  additives,  metal  dialkyl  dithiophoaphates  are  used  to  prepare 
oils  with  high  operational  properties. 

The  properties  of  a  number  of  ccrmaercial  multipurpose  addi¬ 
tives  of  the  sulfuretted-slkylphenolate  type,  formaldehyde-con- 
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densation  alkylphenol  additives,  and  others  are  given  in  Tables 
11.68-11.73.  Tables  11.7^  and  11.75  indicate  the  effectiveness  of 
these  additives. 


TABLE  11.61 

Structure  of  Technical  Additives  of  the  Bi¬ 
alkyl  Dithiophcsphate  Type  [35] 


H  JMM 


A«M2j 


A*-* 

A* -9 
JWM0| 

At»-n 


B 


iii 


Cmw  (att»  n 

*ne.  %  u 


|(RO)tPSS|tB*;  R-C*-C« 
|(RO),PSS],B*;  R-Cm-Cv 


CA 

u  CHt-(CHJ,-CH-CH«0 


I 


,PS8j,B* 


[(ROJjPSSltZt;  R-C^-C* 

H  | 

CH.-fCHj.-CHO  J,PSSl^a 


l[ 

If  7"1  1  ) 

If  CH,  -(CHJ.-CH-CHOjtPSS], 
fCH,-(CHj,-CH01  PSSZnSSPf.X 

l  CHt  I 

rCHI-(CHJ,-CH-CH,01  PSSZnSSP 

l  J* 


1516— 

1760 

1298— 

1516 


844A 

1444— 

1666 


mi 

mi 

668J 

6604 


4  JO 


l  JO 
140 


4.18 

3J0 

500 

528 


T" 

i 


» 


I  A3 
103 


346 

US 


344 

3A4 


440 


340 

423 

347 

118 


135 


•  X  -OCH.CMtCH.V 

A)  Additive 

B)  Pormula 

C)  Molecular  weight 
(calculated) 

D)  Composition  (found), 
%  by  mass 


E)  Metal 
P)  Phosphorus 

G)  Sulfur 

H)  DP-. . . 


Table  11.76  presents  the  properties  of  additives  of  a  highly 
promising  type  (ash-free  multipurpose),  representing  copolymers  of 
methacrylates  with  certain  nitrogen-containing  compounds. 


Copolymers  of  lauryl  methacrylate  and  2-diethy laminoethyl 
methacrylate  typify  these  compounds: 


CK, 

J 

-C-CII,-. 

I 

o-c 

I 

o 

I 

rt 


CM, 

1 

*  •  ■  — C — -CH^. 

<Lo 

i 

CM, 

t 

CM, 

I 
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Note.  Dialkyl  dithiophosphate  content  in  oil 
3.5*. 

1)  Product 

2)  PZV  detergent  properties  (upgraded  method) 

3)  Points 

4)  Amount  of  varnish  deposits,  g 

5)  Deemulsification  (amount  cf  nonseparating  emulsion),  * 

6)  KAMI  corrosive  aggressiveness  (g/m3)  in  test  with  oil 

7)  DS-8 

6)  MT-16  (Eraba) 

9)  Oxidation  stability 

10)  Papok  thermal*3Xidatiori  stability,  minutes 

11)  Content  of  tars  in  o after  PZV,  S 

12)  Critical  load  P^,  kg  (four-ball  n^tchine,  steel  ShKh-9  balls, 

diameter  12.7  mm.  Relative  slip  speed  0.25  m/s) 

13)  Oil  without  additive 
1$)  Same  t  additives 

15)  DP-1* 


-  7^0 


I 


TABLE  11.63 

Influence  of  Technical  Dialkyl  Dithio- 
phosphates  on  Detergent  Properties 
and  Corrosiveness  of  Aviation  Oils 
[36] 


1 

2MoKxnnt  ooActm 

00  n3B.  Mm 

UpaMUDU 

MK-tt 

I 

fttC-20 

m 1 *. 

BmOMM  HtCJtO . 

To  jra+npKcajw: 

1 

44 

44 

464 

7  anwiiwJUirnioAoc^wr  6apa> 

•  .(BMXRAAnTBOfOC^aT  «Uk- 

25-34 

05-14 

44 

mm . 

7  AHtawuuuTxo^oc+tr  ta- 

34 

24-25 

11 

MU  . 

45 

24 

0.7 

1  0  .utuuauuimio^o^BT  tnm  : 

55 

43  ! 

1 

455 

Not®.  Content  of  dialkyl  dithlophos- 
phates  in  oil  1.5%. 


1) 

Additive 

6) 

Same  +  additives 

2) 

PZV  detergent  properties, 
points 

7) 

Barium  dialkyl  dithiophos 
phate 

3) 

MS-20 

8) 

Calcium  dialkyl  dithio¬ 

4) 

Corrosiveness  of  MS-20 

phos  phate 

oil  (according  to  AUSS 
5162-H9),  g/m‘ 

9) 

Nickel  dialkyl  dithiophos 
phate 

5) 

Base  oil 

10) 

Copper  dialkyl  dithiophos 
phate . 

TABLE  11.64 

Detergent  and  Corrosion  Properties  of  Oils 
as  Functions  of  DF-1  Additive  Concentration 
C36] 


«  MC-30  (rpo*- 
m»am) 
MK-22 

(» 


Urn* 

2 

mm  (Mtntt  ae  031,  him 

»; 

« 

MM) 

ll 

i% 

n  ta 

. 

5 

— 

2-25 

05-1  35 

45-1 

5 

25-3 

35 

15-3 

2  45-3 

2  35 

i% 

« 

15  I  44  at 


PZV  detergent  properties, 
points 

Without  additive 
With  additive 


Corrosion  (AUSS  5162-A9), 
g/ra* 

MS-20  (Grosmyy) 

Diesel  (from  Eaba  crudes) 
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--  * 
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TABLE  11.65 


Influence  of  Length  of  Hydrocarbon  Radical 
on  Deemulsifying  Properties  of  Nickel  and 
Barium  Dialkyl  Dithiophosphates  [37] 


1 

2 

_  i 

□pacam 

mrnlmm.% 

flB-H-<5yrwusT*0(aoc4«T  incus 

IBMJM 

cJh^o)!pss)Si 

(CttHaOt.PSSkKa 
!C||H|fO)|PS8  J,B* 

22 

28 

ga*amuuMTno$oct*r  tap u 
Aa-^naAHWuusiTso^oofar  tapu 

40 

12 

0 

Note.  Additive  content 

in  oil  ( All— 10 ) 

1-5%; 

deemulsifying  ability  of  additives  determined 
by  centrifuging  mixture  of  oil  with  1%  sludge 
(from  oil  filter  of  automotive  engine)  and 
distilled  water  for  30  min. 


l) 

Additive 

6) 

Nickel  di-n-octadecyl 

di- 

2) 

Formula 

thiophosphate 

3) 

Amount  of  emulsion,  % 

7) 

Barium  di-n-decyi  dithio- 

H) 

Nickel  di-n-butyl  dithio- 

8) 

phosphate 

phosphate 

Barium  di-n-octadecyl 

di- 

5) 

Nickel  di-n-decyl  dithio- 
phosphate 

thiophosphate . 

TABLE  11.66 

Influence  of  Metals  in  Organophosphorus  Com¬ 
pounds  on  Their  Deemulsifying  Properties  [37] 


i 

2 

♦w* 

Hum 

OtCJM 

3 

NCtflO  WIUCM 

9  WMM,  W 

<•  X) 

i  ' 

» 

t 

.« 

u 

i 

1  M 

J(ROWPSSJ^« 

10 

0 

0 

0 

♦»»!*>•* 

s  AiunuttatiM- 
$•»  amw 

|(R0),PSSJ«C» 

i 

>» 

>» 

30 

22 

»  Auumoamw#— 

i(RO)^S8yta 

22 

14 

12 

tt 

7  Am?**N***»- 

U 

21 

21 

24 

Note.  Dialkyl  dithiophosphates  obtained  from 
technical  macroaolecular  alcohols;  additive 
content  in  oil  (D-ll)  1.51;  deemulsifying 
ability  determined  after  30-mln  test  of  oil 
on  PZV  machine  In  accordance  with  AUSS  5726-53- 


Additive 

*> 

Barium  dlalkyl  di thiophos¬ 

Formula 

phate 

Amount  of  emulsion 

(in  *} 

5) 

Calcium  dialkyl  dithio- 

ai*ter  centrifuging 
. . .  minutes 

for 

6) 

phosphate 

Zinc  dialkyl  dithiophosphate 

7) 

Disulfidethiophosphate . 

7*f2 


« 


TABLE  11.67 


,  l/0~C«8» 

/  "  V'0-CwHln 


/  */ 


AKyxafe* 

”wnntii«M. 

w»«4«4t» 

5*pM 


Xv* 


%  /° 


Vr 

1 


Note  Teat  conditions  for  additives 
to  those  indicated  for  Table  11. 65.  ttllar 


Additive 

Formula 

Amount  of  emulsion,  l 


',)  «-«-<l=cyl  dlthlophoe- 

5)  Barium  di sulfidedi octyl - 
phenyl  dlthiophoaphate. 
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TABLE  11.68 


Physicochemical  Proper¬ 
ties  of  AzNIl-5  and 
AsNII-7  Additives 


- ! - 

noWMM 

- j - 

Aumx-t 

2 

*  ItwnMcn  .  .  . 

*  Bm»n  mmne 

wuu  sps  100*  C, 

04550— 

04640 

14840 

s  TmnwpttjM  tww* 
urn,  *C  .  .  .  . 

IS— 25 

mo 

3B — SO 

•  ttenaftrvt,  %  ... 

1  Copo,  % . 

S-l 

2-8 

114 

8-4 

•  Kwfjwwcn,  %  .  . 
t  Kopy«»«u  m  lum- 

mij  mkh 

10— li 

•1+ . 

1  9  Mwosw  f  18T14  m- 

tM  nuyerpauimft* 
to  80  c  3%  specu¬ 
la  no  am»  nSS, 

0-5 

tun . 

2-24 

1)  Index 

2)  AzNII-. . . 

3)  Density 

k)  Kinematic  viscosity  at  100°C, 
cSt 

5)  Pour  poJ  it,  °C 

6)  Ash,  % 

7)  Sulfur,  * 

8)  Coking  capacity,  % 

9)  Pinkevich  corrosion  of  indus¬ 
trial  oil  50  with  3%  additive, 
g/ie1 

10)  Detergent  properties  of  indus¬ 
trial  oil  50  with  3%  additive 
by  PZV  method,  points. 


TABLE  11.69 

Physicochemical 
Properties  of  BFK-1 
Additive 


i  Hanaoet&  ef  .  . 
‘  Buaocn  noMan- 
mamMUftt  t00*C. 


•c”Tm“  MO 
’  Swum.  %  ...  *-» 

*  Kmhm  n  Dmw- 
iirj  mtm  Alt 
•  MPUMk. 

»/*>  .......  2-3 

CM  Alt  •  Hi 
i|wua  m  awe- 

ay  nSS.  low  CJ-lfi 


1)  Index 

2)  Norm 

3)  Density 

4)  Kinematic  viscosity  at  100°C,  cSt 

5)  Molecular  weight 

6)  Plash  point  (open  crucible),  °C 

7)  Ash,  % 

8)  Pinkevich  corrosion  of  D-ll  oil  with 
5 t  additive,  g/m* 

9)  Detergent  properties  of  D-ll  oil  with 
5 %  additive,  by  PZV  method,  points. 


The  amount  of  nitrogen-containing  monomer  in  the  copolymer 
is  usually  5-10X.  It  is  also  possible  to  use  other  polymeric  mono¬ 
mers  based  on  derivatives  of  pyridine  and  certain  amines. 


« 
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TABLE  11.70 

Physicochemical  Properties  of  TsIATIM-339 
Additive 


t 

no—— 

2 

B*pm 

Hu  "ii  in  in 

2 

l  Buxom  unwMtTSW* 

1  2 

Bom.  %,  m  Sojmo  .  . 

04 

tKM  npx  100*  C,  ctM, 

1 1 

Eoooooo  mocm  WT-ll 

m  mu  ....... 

15 

e  3%  apwc cu 

o  Coaemuaaa.  %: 

■  •  <*pm,  m  mm 

4.7 

>  '•Koppoaa*.  »/*5,  m 

HjlH 

IS 

•  stop*,  m  Sojm  .  . 

OS 

i  skomqjm  eaqjfcm 

7  «p*» . 

4-W 

so  H3B,  him. 

•  Pravaaa  njmcoawi  .  .  . 

M  fcM . 

\A 

1  •  3o.itNom,  %,  m  mm* 

li 

R/juitmm  so  poeraopa- 

l  l  MrxoMneaaw  apmmtm. 

1  ( 

men  apMcaoxa  a  mb- 

It 

H.  w  Com* 

0,13 

1 

CM . 1 

> 

|  Bujop**- 

1)  Index 

2)  Norm 

3'  Kinematic  viscosity  at 

10Q°C,  cSt,  not  less  than 
4;  Contents,  t 

5)  Barium,  no  less  than 

6)  Chlorine,  no  more  than 

7)  Sulfur 

8)  Reaction 

9)  Alkaline 


10)  Ash,  %,  nc  less  than 

11)  Mechanical  impurities,  f , 
no  more  than 

12)  Water,  % ,  no  more  than 

13)  MT-16  base  oil  with  3f  ad¬ 
ditive 

14)  Corrosion,  g/m* ,  not  above 
15'  PZV  detergent  properties, 

points,  not  abow 

16)  Test  for  solubility  of  ad¬ 
ditive  in  oil 

17)  Passes. 


TABLE  11.71 

Physicochemical  Properties  of  VNII  NP-360 
Additive  and  its  Components 

T 


un  n-iu 


tO.V-ttfl 

n-ts 


l  s Oi 


n-u 

14- U 

15- JJ 

7-4 
fff— 11 

am 


tu-tu 

u-u 


•Composition  of  VNII  NP-360  additive:  2  parts 
by  weight  of  VNII  NP-354  and  5  parts  by 
weight  of  VNII  NP-350. 


1) 

Index 

4) 

VNII  NP-360  additive* 

2) 

Components 

5) 

Kinematic  viscosity  at 

3) 

VNII  NP-. . . 

100°C,  c3t 
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6) 

Contents,  % 

11) 

Sulfur,  % 

7) 

Phosphorus 

12) 

Mechanical  lupuritles,  % , 

8) 

Zinc 

no  more  than 

9) 

Barium 

13/ 

Water 

10) 

Ash,  % 

14) 

None. 

TABLE  11.72 


Physicochemical  Properties  of  VNII  HP-370 
and  VHII  HP-371  Additives 


1)  Index 

2)  VNII  HP-... 

3)  Kinematic  viscosity  at 
100°C,  cSt 

4)  Alkalinity  [sic;  neutrali 
cation  number?] ,  mg  of 
KOH  to  1  g 


5) 

Contents,  l 

6) 

Metal 

7) 

Mechanical  impurities 

8) 

Water 

9) 

None 

10) 

Ash  (sulfate). 

TABLE  11.73 

Physicochemical  Properties  of  Wfl  IP- 
22k  Additive 


1) 

Index 

4) 

Contents,  t ,  not  below 

2) 

Norm 

5) 

Calcium 

3) 

Kinematic  viscosity  at 

6) 

Phosphorus 

100#C,  cSt 

7) 

Ash,  % 
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8) 

Sulfur,  %,  not  below 

1*0 

Motor  vaporizabillty  in 

9) 

Mechanical  impurities,  %, 

30  ndn,  %,  not  above 

not  above 

15) 

30 -min  working  fraction, 

10) 

KT-16  base  oil  with  *1.5* 

%,  not  below 

additive 

16) 

Varnish  formation  In  30 

11) 

Corrosion,  g/m1,  not  above 

min,  %,  not  above 

12) 

PZV  detergent  properties, 

17) 

Critical  30-mln  varnishing 

points,  not  above 

temperature,  °C,  not  below 

13) 

Papok  thermal-oxidation 
stability,  min,  not  below 

TABLE  11.7*1 

Operational  Properties 
Additives  [38] 

of  W 

-16  NKZ  Oil  with 

7 
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l  a  auawiM  cmIctu  oo  u3B,  (u- 
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i  7  fltpamnMP  Movapaw  wtavmmam  mm 
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j  |  c6p uMm  a*  aopanw  wyww 
UM,  % 

*  *  u  Si  . . 

m»i  . 

l  •  aappaama  m  10  «,  a/p*  .... 


51 
47 
2 
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94 
41 
IS 

3.0-941 

*4 


55 

100 

12 


*  8 

I 

si 
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52 

0 

255 

m 

25 

0J 


54 


95 

BO 

5 


4* 

•9 

0 

270 

«2 

25 

04 

0.5-1. ( 
74 


20 

SO 

0 


i 

a 


40 

«• 

0 

270 

71 

20 

04 

04-14 

54 


20 

40 

0 


1)  Index 

2)  011  without  additive 

3)  Oil  with  additives 
U)  31  TsUTIM-339 

5)  6 %  VNII  NP-36O 

6)  *.5 1  »I  IP-22k 

7)  Motor  properties 

8)  Vaporitabillty ,  % 

9)  Working  fraction,  t 

10)  Varnish,  t 

XI)  Critical  varnish-formation  temperature,  *C 

12)  Stability  to  thermal  oxidation  at  260®C, 
min 

13)  Varnish  residue  at  260°C,  I 
I**''  Varnish-formation  coefficient 
15)  PZV  detergent  properties,  points 
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16)  Tendency  to  form  carbon  deposits,  % 

17)  Primary  motor  test  by  QSM-20  method 

18)  Formation  of  black  varnish  on  piston,  % 

19)  After  . . .  hours 

20)  Corrosion  in  10  hours,  g/m* . 


TABLE  11.75 

Laboratory  Evaluation  of  Import  and  Domestic 
Oils  with  Additives  [391 


1)  Oil  and  additives 

2)  Ash,  % 

3)  PZV  detergent  properties, 
points 

A)  Qxldisablllty  in  DK-2 

5)  Sediment,  t 

6)  Kinematic  viscosity  at 
100°C,  cSt 

7)  Thermal  stability ,  min 

8)  Baao~20W/30  premium 

9)  Thickens 

10)  AS~9*5  *  additives 

U)  TsIATIM-339 

12)  TslATIN-339  ♦  AFB 

13)  V*II 


lA)  Series  I 

15)  Castrol-30 

16)  Shell  X-100 

17)  Same 

18)  DS-11  ♦  additives 

19)  IP-22 

20)  FXS'Ya 

21)  SB-3 

22)  N0-102 

23)  Series  II 
2A)  Rimula-30 

25)  DS-11  oil  ♦  additives 

26)  PHS’Ya  ♦  VHII  KP-353 

27)  Traces 

28)  Series  III 


29)  Mobilgard  593  30)  OS-11  +  Santolube-311. 

TABLE  11.76 


Physicochemical  Properties  of  Certain  LOA 
(DuPont  Catalogue) 
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UU-H4 

toasts 

Rjeteome** . . . 

Bosom  nwnmicM,  tt»: 
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»  J7.r  c . 

tw> 

H00 

ItafMpafjyti  *Cj 

HM 

Mi 

-a  ; 

its 

m 

-u 

a  Hffgimffl 

Hrum  MHMtt,  m$  KOH  as  1  • . 

Bom —on,  % . 

as 

• 

T 

1) 

Index 

7) 

Plane  point 

2) 

Density  « 

8) 

Pour  point 

3) 

Kinematic  viscosity,  cSt 

9) 

Saponification  nunber,  mg 

*) 

At 

of  KOH  to  1  g 

5) 

o) 

Temperatures,  °C 

Plash  point 

10) 

Ash,  %. 

Su^h  compounds,  which  have  thickening  and  detergent  (dispers¬ 
ing)  properties  simultaneously,  are  produced  abroad  under  the 
designations  LOA-56A,  LOA-565  (DuPont),  DLOA-1200  (Orobis),  and 
others . 

7.  ANTIFOAM  ADDITIVES 

Silicon-organic  compounds:  polymethyl  sllo*ane  (PKS-200A), 
polydimethyl  stloxane,  polyethyl  ailoxane  and  others  are  used  as 
anti foam  additives  (Table  11.77).  The  amounts  of  the  additives 
used  in  the  oils  range  from  0.002-0.0051.  The  mechanism  of  the  ac¬ 
tion  of  antifoam  additives  is  based  on  their  depression  of  the 
oil's  surface  tension.  The  result  is  that  air  dissolved  in  the  oil 
can  be  eliminated  more  easily  without  the  formation  cf  a  heavy 
foam.  Recently,  antifoam  additives  have  been  coming  into  use  to¬ 
gether  with  detergent  additives,  since  the  latter  usually  promote 
foaming  of  the  ol Is . 

Some  of  the  silicon-organic  cospounds  with  antifoaming  prop¬ 
erties  are  also  capable  of  influencing  other  physicochemical  and 
operational  properties  of  oils. 

Polyslloxenst  lower  saturation  vapor  pressure  and  henee  the 
vaporisablllty  of  oil*  (the  flash  points  of  oils  with  polysilcxane 
•re  considerably  higher  than  those  of  the  pure  oils).  During  oxi¬ 
dation,  smaller  amounts  of  tarry  and  acidic  products  are  formed  in 
a  body  of  oil  containing  polyslloxane,  and  the  oxidation  induction 
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TABLE  11.77 


Action  of  Silicones  as  Antifoam  Additives 
for  Oils  [40] 


Note.  Oil  delivered  into  cylinder  with  test 
oil  at  33  liters/h. 

1)  Oil 

2)  Oil  temperature,  ®C 

3)  Amount  of  additive  in  oil.  % 

4)  Volume  of  foam  formed  (cm1)  on  introduc¬ 
tion  of  additive  Into  oil 

5)  Ethyl  slloxane 

6)  Isopropyl  slloxane 

7)  Butyl  slloxane 

8)  Industrial  50  10)  Avtol  10 

9)  Hone  11)  Turbine. 


11.21.  Influence  of  polyslloxane  additive  on  vaporixability , 
working  fraction,  and  varnish-forming  tendency  of  MS-20  oil  during 
its  oxidation  on  chromium-plated  evaporators  [41]:  1)  MS-20 ;  2) 
KS-20  ♦  0.0021  polysi loxane  (molecular  weight  4*35)-  A)  Vaporixa- 
bility,  %;  B)  min;  C)  temperature,  ®C;  D)  varnish  formation,  %. 


« 


$ 


time  increases.  In  thin-film  oxidation,  the  *aporizabllity  of  the 
oil  is  also  reduced,  varnish  formation  is  slower,  and  hence  the 
working  fraction  of  the  oil  increases  (Fig.  11.21).  Ir.  the  pres¬ 
ence  of  polysiloxanes,  oils  run  off  hot  metal  surfaces  more  slowly 
and  the  varnish  films  formed  are  leas  adhesive.  Polysiloxanes  aro 
also  highly  effective  when  used  in  additive  mixes:  they  improve 
the  thermal-oxidation  stability  of  the  oil  and  its  detergent  prop¬ 
erties  (Tables  11.78  and  11.79).  The  mechanism  of  the  many-sided 
action  of  polysiloxanes  is  obviously  related  to  their  adsorption 
on  the  oil-air  and  oil-metal  interfaces  and  their  ability  to  form 
a  thermochemlcally  stable  surface  layer  that  prevents  diffusion  of 
oxygen  into  the  oil  and  weakens  the  catalytic  action  of  the  metal 
surface.  This  conception  is  quite  consistent  with  the  high  surface 
activity  of  siloxanes,  which  has  made  it  possible  to  use  them  as 
antifoam  additives. 

The  slower  oxidation  of  oils  with  slloxane  additives  not  on)** 
reduces  the  amount  of  oxidation  products  formed,  but  also  changes 
the  nature  of  these  products.  Por  example,  the  varnish  contained 
considerably  larger  amounts  of  products  of  the  Initial  oxidation 
stage  (tars)  and  less  of  the  deep-condensation  products  (as¬ 
phaltenes);  this  helps  reduce  piston-ring  burning,  since  as¬ 
phaltenes  and  hydroxy  acids  are  the  most  harmful  components  of  the 
varnish  films. 

TABLE  11.78 


Influence  of  Methyl  Polysiloxane  on  Deter¬ 
gent  Potential  and  Thermal-Oxidation  Stabil 
ity  of  DS-11  Oil  [H2] 


1) 

Product 

8) 

6.5*  BFK  ♦  0.005*  methyl 

2) 

Thermal  oxidation  stabil¬ 

polysiloxane 

ity  at  250°C,  adn 

9) 

10*  BFK  +  1*  VNII  NP-353 

3) 

Detergent  potential  at 

10) 

10*  BFK  *  1*  VHII  HP-353  ♦ 

250°C.  * 

0.005*  methyl  polysiloxane 

<0 

DS-11 

11) 

10*  BFK  ♦  1*  AN-22k 

5) 

DS-11  ♦  additives 

12) 

10*  BFK  ♦  1*  AH-22k  ♦ 

6) 

0.002 %  methyl  polysiloxane 

0.005*  methyl  polysiloxane 

7) 

6.5*  BFK 

13) 

10*  BFK  ♦  1J  AxNII-10 

1*) 

10*  BFK  ♦  1*  AtHII-10  ♦ 

0.0051  methyl  polysiloxane. 
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TABLE  11.79 


Influence  of  Temperature  on  Effectiveness  of 
Methyl  Polysj ioxane  [42] 
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2  emiom  (•  mm) 
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• 

• 

M 

k  flC-li  +  8.5%  B9K  .  . 

72 

47 

29 

23 

30 

30 

30 

25 

s  AC'ii+e.&H  bok+ 

+0,005%  wnMBOta- 
cuoxeau  . 

104 

84 

55 

44 

80 

40 

30 

25 

1)  Product  4)  DS-11  +6.3#  BPK 

2)  Thermal  oxidation  stabil-  5)  DS-11  +  6.5#  BfK  +  0.005# 

ity  (min;  at  methyl  polysiloxane. 

3)  Detergent  potential  (#) 


8.  RECEP  TIVENESS  OF  GILS  TO  ADDITIVE 

Eie  receptiveness  of  oils  to  additives  depends  to  a  major 
degree  on  the  chemical  composition  of  the  oils,  i.e.,  on  the  na¬ 
ture  of  the  crude  from  which  the  oil  was  prepared  and  on  the  depth 


TABLE  11.80 

Influence  of  Additives  on  Theriual  Oxidation 
Stability  of  MT-16  Oils  from  Various  Origins 
[433 
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14T-18 . 
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25 

24 

25 

34 

Te  ,■»  4-  npacajpca: 

S%  UHATKM-M0  .  .  . 

34 

» 

38 

38 

S3 

4,9%  MHft  HH-22*  .  . 

44 

1  « 

e. 

53 

70 

8%  BHHH  Hn-300  .  . 

82 

71 

77 

7* 

r 

No+o.  Thermal  oxidation  stability  determined 
at  260°C. 


1)  Product 

2)  Oil 

3)  Erata 

4)  Zhirnovsk 

5)  Kara-Chukhur- 
Surakhany 

6)  Mixture  of  sul¬ 
fur-containing 
crudes 


7)  NUNPZ  [Hfi3  -  refinery] 

8)  NKZ 

9)  Same  +  additives 

10)  3#  TsIATIM-339 

11)  4.5#  MNI  IP-22k 

12)  6#  VNII  NP-360. 
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and  method  of  refining.  Hence  the  effectiveness  of  additives  must 
be  established  separately  for  each  type  of  oil.  An  additive  that 
is  effective  for  oils  from  nonsulfurous  Baku  crudes  may  be  inef¬ 
fective  for  oils  made  from  sulfur-containing  crudes,  and  vice 
versa.  The  chemical  composition  of  the  base  oil  is  particularly 
important  in  selecting  antioxidant  additives.  Such  additives  as 
p -hydroxy  diphenylamine,  phenyl-o-naphthylamlne,  and  others  are 
most  effective  in  deep-refined  oils  that  contain  a  small  per¬ 
centage  of  aromatic  and  tarry  components.  This  is  because  the 
tarry  products  passivate  the  action  of  antioxidants  of  this  type. 
For  depressor  additives,  the  nature  and  concentration  of  solid  hy¬ 
drocarbons  and  the  content  of  tarry  substances  is  essential,  while 
fractional  composition  is  Important  for  viscosity  additives.  The 
same  applies  to  multifunctional  and  mixed  additives.  Oils  that 
have  been  quite  thoroughly  refined  are  usually  more  responsive  to 
additives.  However,  a  sufficiently  effective  additive  mix  gives 
good  (equivalent)  results  when  it  is  added  to  oils  with  various 
refining  depths.  The  necessary  degree  of  refining  of  the  oil  or 
the  optimum  chemical  composition  of  the  base  oils  must  be  estab¬ 
lished  empirically  in  each  specific  case  as  a  function  of  the  na¬ 
ture  of  the  raw  material  (Table  11.80)  and  the  effectiveness  of 
the  additives  (Tables  11.81  and  11.82). 

Table  11.83  presents  data  characterizing  the  responsiveness 
of  oils  with  various  chemical  and  fractional  compositions  to  de¬ 
tergent  and  multipurpose  additives;  the  distillate  oils  are  more 
receptive  to  detergent  additives  than  are  the  residual  oils.  When 
the  additive  has  pronounced  antioxidant  properties  (additive  DP-1), 
addition  of  residual  oil  to  the  distillate  component  increases  tne 
effectiveness  of  such  additives  sharply  (Table  11.81)  because  of 
the  responsiveness  of  aromatic  hydrocarbons  present  in  the  residu¬ 
al  oil  (primarily  medium  and  heavy  ones)  to  additives  that  have  an 
antioxidant  effect  (Table  11.82). 

TABLE  11.81 


Influence  of  Additives  on  Detergent  and  Anti¬ 
oxidant  Properties  of  Distillate  and  Com¬ 
pounded  DS-8  Oil  ] 
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•Test  conducted  by  upgraded  method. 
••Desorption  of  tars  from  silica  gel  by  alco¬ 
hol-benzol  mixture  after  washing  columns  with 
benzol. 
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•••Oil  dissolved  in  "Galosha"  gasoline. 
••••Mixture  of  86$  distillate  and  14$  resid¬ 
ual  oils. 


1) 

Product 

8) 

Content  of  insoluble  resi¬ 

2) 

V&mish  formation  on  pis¬ 

due.  $*•• 

ton  of  PZV  machine* 

9) 

DS-8  distillate 

3) 

Points 

10) 

Same  +  additives 

4) 

g 

11) 

3$  BFK 

5) 

Analysis  of  oil  after 

12) 

3.5$  DP-1 

test 

13) 

4$  SB- 3 

6) 

7) 

Acid  number,  mg  of  KOH  to 

1  g  of  oil 

Tar  content,  $*• 

14) 

DS-8  compounded** •*. 

TABLE  11.82 


Influence  of  Additives  on  Thermal  Oxidation 
Stability  of  Fractions  of  DS-8  and  MS-20  Hy¬ 
drocarbon  Oils  [44] 
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Product 
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10) 

Aromatic  hydrocarbons 

3) 

Without  additive 

fraction 

4) 

With  additives 

11) 

Light 

5) 

3$  BFK 

12) 

Medium 

6) 

3.5$  DP-1 

13) 

Heavy 

7) 

4$  SB-3 

14) 

Tars 

8) 

DS-8  distillate 

15) 

MS-20. 
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I  ABLE  11.83 

Receptiveness  of  Various  Oils  to  TsIATIM-339 
and  VNII  NP-360  Additives  [45] 
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*  6%  BHHH  HQ-SSO . 

Macao  flC-lt** . 

To  M-f  otmcojou: 
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1) 

2) 

3) 


4) 

5) 


•Test  run  by  upgraded  method. 

**70;*  distillate  component  +  30$  residual 
component . 

••*25$  distillate  component  ♦  75$  residual 
component . 


Oil 

Varnish  formed  on  PZV- 
machine  piston,  points* 
NU  NPZ  distillate  compo¬ 
nent  refined  with  220$ 
phenol 

Same  +  additives 
3$  TsIATIM-339  +  1$ 
AzNII-TsIATIM-1 


6)  6$  VNII  NP-360 

7)  NU  NPZ  residual  component 
refined  with  200$  phenol 

8)  DS-11  oil” 

9)  MT-16  oil*”. 


9.  DEPLETION  OF  ADDITIVES 

When  an  engine  runs  on  an  oil  containing  a  detergent  (or  mul¬ 
tipurpose)  additive,  a  decrease  in  the  concentration  of  additive 
in  the  oil  is  observed,  and  its  effectiveness  diminishes  (the  ad¬ 
ditive  is  depleted) ,  Lowering  of  detergent -additive  contents  in 
the  oil  may  be  caused  by: 

a)  direct  adsorption  of  the  additive  onto  the  filtering  ele¬ 
ments  of  oil  filters; 

b)  removal,  by  oil-filter  elements  or  centrifuges,  of  ot.t- 
lnsoluble  contaminating  products  together  with  additive  adsorbed 
on  them; 

c)  Interaction  between  the  additive  and  the  surfaces  of  en¬ 
gine  parts  lubricated  by  the  oil. 
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j  ®*  ^1*22.  Change  in  metal  content  of  additives  in  DS-8  oil  dur- 

iSfaSfS'SU0!  ?£  Fi-164  en*lne  Wl-  Additives  *  used:  1)  3*  * 

^ 5M55»TS f ?” 1 5  2)  3,51  DP‘1i  3)  *-5*  VNII  NP- 
nlng  time *^h  '****  IP“22K*  A)  Additlve  content,  *;  B)  Engine  run- 


^8*  11*23*  Influence  of  sulfur  con¬ 
tent  in  fuel  on  depletion  of  TsIATIM- 
339  additive  from  oil  (YaAZ-20i»  en¬ 
gine)  [33] •  Sulfur  in  fuel:  1)  0.2*; 

2)  0.5*;  3)  1.0*;  4)  1.3*.  a)  Additive 
content,  *;  B)  oil  operating  time,  h. 


Pig.  11.**.  Change  in  barium  content  in  oil  as  a  function  of  fre¬ 
quency  of  replenishment  of  additive  in  oil  [*7]  (additive  replen¬ 
ished  at  one-hour  Intervals):  1)  before  replenishment;  2)  after 
replenishment  of  additive.  A)  Amount  of  additive  added;  B)  barium 
content,  *  of  original  quantity  ir  oil;  C)  additive  replenishment 
program;  D)  engine  running  time,  hours. 
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The  rate  of  loss  of  additive  from  the  oil  Is  determined  to  a 
substantial  degree  by  engine-testing  conditions,  during  the  first 
hours  of  engine  operation,  additives  are  removed  from  the  oil  with 
particular  rapidity  (Pig.  11.22). 

When  oil  is  cleaned  by  centrifuging,  smaller  amounts  of  addi¬ 
tives  are  extracted  from  it,  as  a  rule,  than  when  the  oil  is 
passed  through  fine  filters. 

An  increased  sulfur  content  in  the  fuel  results  In  a  sharp 
decrease  in  oil  additive  concentration  (Pig.  11.23).  The  quality 
of  the  additive  also  has  substantial  influence  on  the  rate  at 
which  it  is  lost  from  the  oil. 

When  the  additive  concentration  in  the  oil  is  increased  (or 
replenished)  (Pig.  11.2*1),  more  of  11  is  lost  from  the  oil.  At  the 
same  time,  the  rate  of  additive  loa^  (expressed  as  a  percentage  of 
the  initial  amount)  is  Independent  of  the  initial  additive  concen¬ 
tration  in  the  oil.  Since  the  effectiveness  of  a  detergent  addi¬ 
tive  in  the  oil  is  determined  by  its  content  in  the  oil  and  by  the 
accumulation  of  contaminating  products  in  it,  the  decisive  element 
in  determining  the  effectiveness  of  the  additive  at  a  given  time 
during  the  test  will  be  the  racio  characterizing  the  contents  of 
additive  and  contaminating  products  in  the  oil  at  that  time. 

As  the  depletion  tendency  of  detergent  additives  becomes 
stronger,  the  ratio  of  the  amount  of  additive  metal  in  the  oil  to 
the  amount  of  contaminating  products  will  decrease. 
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‘Sand  and  other  abrasive  substances  are  not  permitted 
among  the  mechanical  impurities. 


Transliterated  Syabols 

k  *  k  •  kriticheskiy  ■  critical 
np  •  kr  *  kriticheskiy  -  critical 
cs  ■  sv  »  svaryvaniye  ■  seizure 
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Chapter  12 

LUBRICANTS 

The  assortment  of  lubricants  prepared  by  the  petroleum  indus¬ 
try  and  enterprises  of  the  Ministry  of  Railroads  contains  more  than 
100  names;  a  list  of  these  lubricants  and  their  principal  charac¬ 
teristics  is  presented  in  Table  12.29  (see  p.  8l8).  Included  among 
them  are  certain  lubricating  oils  (for  example,  clock  and  instru¬ 
ment)  but  not  special  instrument  lubricants  and  special  purpose 
lubricants  prepared  in  small  amounts  in  experimental  plants  or  in 
certain  Instrument  building  enterprises  for  their  own  needs. 

1.  CLASSIFICATION  OF  LUBRICANTS 

Lubricants  can  be  classified  according  to  various  character¬ 
istics  : 

1)  aggregate  state  -  liquid,  semiliquid,  plastic,  solid  (pow¬ 
ders,  films,  coating); 

2)  colloid  structure  -  sols,  true  gels,  pseudogels,  emulsions, 
suspensions  (pastes); 

3)  chemical  characteristics  -  basic,  weakly  basic,  neutral, 
weakly  acid,  acid; 

4)  melting  point  -  low-melting,  average-melting,  high-melting 
(for  plastic  and  solid  lubricants); 

5)  the  lubricants'  behavior  toward  water  (the  chief  external 
reagent)  -  water-resistant  (hydrophobic)  and  nonwater- resistant 
(hydrophilic) ; 

6)  type  of  oil  base  -  prepared  in  mineral  oils,  in  silicones 
or  other  synthetic  oils,  in  mixtures  of  silicones  and  mineral  oils; 

7)  type  of  thickening  agent  (principal)  -  hydrocarbon,  sapon¬ 
aceous,  pigmented,  silica  gel,  bentonitic,  prepared  in  urea  deriv¬ 
atives,  polymeric  (thicknened  with  high  polymers,  eaters  and  their 
derivatives); 

8)  by  type  of  filler  -  graphite,  molybdenite;  mica,  metallo- 
protector,  mixed; 

9)  by  metallic  base  of  the  soap  (saponaceous  lubricants)  - 
sodium,  calcium,  lithium,  zinc,  barium,  aluminum,  lead,  etc.,  lub¬ 
ricants  in  mixed  soaps  containing  soaps  of  several  metals  -  zodium- 
calcium,  lithium-lead,  etc.  also  belong  here; 


10)  by  purpose  -  protective  (conservation,  preservative),  an¬ 
tifriction,  antifriction-preservative,  friction,  sealing,  techno¬ 
logical,  cleaning,  etc.; 

11)  by  temperature  conditions  of  use  -  low-temperature  (arctic), 
h:'.gh-temp«rature ,  tropical,  universal  (providing  for  operation  of 
friction  Joints  in  a  wide  range  of  temperatu  5s); 

12)  by  areas  of  use  -  aviation,  automotive,  rallraod,  marine, 
artillery,  instrument,  industrial,  textile,  cable,  pump,  gas  con¬ 
tainer,  metallurglc,  rotary,  etc. 

In  this  handbook  lubricants  are  divided  into  groups  according 
to  the  last  criterion,  -  by  areas  of  use,  and  groups  of  protective 
plastic  and  liquid  preservative  (protective)  lubricants  are  distin¬ 
guished. 

2.  PRINCIPAL  PROPERTIES  OF  LUBRICANTS 
Texture  and  Structure  of  Lubricants 

Lubricating  greases  are  a  special  class  of  lubricating  mater¬ 
ials  whose  properties  differ  considerably  from  the  properties  of 
lubricating  oils.  Lubricating  greases  are  prepared  by  the  intro¬ 
duction  into  lubricating  oils  of  finely  dispersed  thickening  agents 
which  fulfill  two  functions:  1)  they  confine  the  liquid  component 
(lubricating  oil),  forming  a  stable  structural  skeleton  in  it;  2) 
they  impart  to  the  dispersion  it*  inherent  properties  which  deter¬ 
mine  the  lubricant's  sphere  of  a  plication,  grade  and  quality. 

The  external  appearance  of  lubricants  is  determined  by  their 
color  and  texture  -  rough  structure;  lubricants  are  conventionally 
divided  into  granular,  fibrous  and  smooth  according  to  texture. 
Qranular  lubricants  are  agglomerates  of  "granules"  of  irregular  or 
more  or  less  regular  shape  with  dimensions  from  several  tenths  of 
a  millimeter  to  1-2  mm.  Thesa  lubricants  do  not  form  a  smooth  uni¬ 
form  layer  (especially  large-grain  lubricants)  when  they  are  smear¬ 
ed  on  metallic  surfaces  or  on  glass. 

Fibrous  lubricants  when  applied  to  glass  or  to  a  metal  with  a 
glass  rod  extend  beyond  it,  sometimes  forming  long  thin  fibers; 
when  tested  on  the  fingers  they  form  a  "whisker,"  stretching  into 
fine  threads  which  break  upon  a  comparatively  great  separation  of 
the  fingers.  The  longer  the  whisker,  the  more  stickiness  the  fib¬ 
rous  lubricant  possesses.  Lubricants  containing  rubber  are  capable 
of  atr"* ching  into  threads  several  decimeters  long.  The  texture  of 
fibrous  lubricants  is  caused  by  the  formation  of  strings  and  fibers 
of  microscopic  and  sometimes  larger  cross  section- 

Smooth  lubricants  upon  examination  with  the  naked  eye  and  low 
magnification  in  an  optical  microscope  seem  uniform;  they  usually 
form  a  small  whisker.  The  smooth  texture  Imparts  a  pleasant  exter¬ 
nal  appearance  to  the  lubricants;  they  are  deposited  better  (ss»oth- 
er  layer)  on  the  surfaces  being  lubricated,  they  lubricate  bearings 
and  other  friction  Joints  better,  prosiotlng  their  normal  operation 
under  more  difficult  conditions.  A  smooth  texture  is  often  one  of 
the  principal  requirements  for  a  lubricant  and  is  included  in  the 
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specifications.  Lubricants  wit'  a  granular  texture  frequently  are 
additionally  rubbed  through  -’oilers  or  in  various  homogenizers  to 
impart  a  smooth  texture  to  them.  Usually  in  this  case  their  mechan¬ 
ical  stability  increases,  syneresis  is  decreased,  etc.  Smooth  lub¬ 
rications  pass  through  narrow  tubes  more  freely  and  fill  lubrica¬ 
tors  better;  they  contain  fewer  air  bubbles  and  protect  metals 
against  corrosion  better  than  granular  and  fibrous  lubricants  with 
the  same  properties. 

The  internal  structure  of  lubricants  and  moat  of  their  physi¬ 
cochemical  properties  are  determined  by  their  fine  structure.  The 
structures  of  various  lubricants  photographed  at  a  magnification  of 
10  thousand  times  under  an  electron  alcrosoope  are  presented  in 
Pig.  12.1.  The  structural  skeleton  of  lubricating  greases  consists 
of  fibers,  strings,  flakes  and  other  particles  of  different  sizes 
and  shapes. 


Fig.  12.1.  The  structure  of  commercial  lubricants,  a)  Fatty  grease 
US-2;  b)  synthetic  grease  USs-2;  c)  fatty  konstalln;  d)  fatty  lub¬ 
ricant  1-13;  e)  lubricant  TslATIM-201;  f)  aluminum  stearate  in  al¬ 
uminum  lubricant;  g)  ceresir.  brand  80;  h)  lubriesnt  27sKP. 


The  structural  skeleton  of  a  fatty  grease  (see  Fig.  12.1,  a) 
consists  of  twisted  string  and  thread-like  particles  of  a  calcium 
soap  of  fatty  acids  (cleic,  stearic,  palmitic  and  others)  which 
make  up  cottonseed  oil.  The  capacity  to  twist  into  braids  is  pos¬ 
sessed  by  calcium  soap  In  s  lubricant  containing  stabilisation 
water  whose  removal  leads  to  "untwisting"  of  the  particles  and  loss 
of  the  mechanical  strength  and  colloidal  stability  of  the  lubricant 
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The  structural  skeleton  of  a  synthetic  grease  (Fig.  12.1,  b) 
consists  of  lamellar  crystalline  aggregates  of  average  size,  ir¬ 
regularly  arranged  in  layers  v/ith  large  spaces  between  them  filled 
with  oil.  However,  the  structure  of  synthetic  greases  can  be  dis¬ 
tinguished  depending  on  the  fractions  of  synthetic  fatty  acids 
which  were  used  in  producing  the  lubricant,  and  on  the  technology 
of  the  lubricant's  preparation. 

The  structure  of  konstalin  (sodium  lubricant)  is  shown  in 
Fig.  12.1,  c  and  the  structure  of  sodium-calcium  lubricant  1-13  in 
Fig.  12.1,  d.  The  structural  skeleton  of  these  lubricants  consists 
of  long  strings;  some  of  them  are  twisted  into  bundles  which  are 
larger  in  lubricant  1-13  which  also  has  a  more  expressed  granular 
texture. 

The  structural  skeleton  of  a  lubricant  thickened  with  lithium 
stearate  (Fig.  12.1,  e)  consists  of  needles  and  strings,  irregular¬ 
ly  interwoven  and  forming  a  dense  network. 

The  particles  of  soap  in  aluminum  lubricants  when  examined  in 
an  electron  microscope  seem  very  fine  and  do  not  have  a  definite 
shape  (Fig.  12.1,  f ) .  They  evidently  form  unstable  polymeric  chains 
which  disintegrate  during  preparation  of  specimens  for  examination 
in  the  electron  microscope. 

The  structure  of  lubricants  thickened  with  solid  hydrocarbons 
(cei-esins,  paraffins)  differs  from  the  structure  of  saponaceous 
lubricants.  The  solid  hydrocarbons  are  crystallized  under  labora¬ 
tory  conditions  from  light  solvents  and  certain  fractions  of  miner¬ 
al  oils  in  the  form  of  orthorhombic  Ox  hexagonal  multistage  pyra¬ 
midal  crystals  (Fig.  12.1,  g) .  The  longitudinal  and  cross-sectional 
dimensions  of  these  crystals  considerably  exceed  their  thickness. 
Each  layer  which  forms  a  plate  of  such  a  crystal  consists  of  densely 
packed  hydrocarbon  molecules;  the  thickness  of  a  layer  is  one  mole¬ 
cule  . 


During  the  preparation  of  a  hydrocarbon  lubricant,  growth  of 
the  crystals  is  hampered  because  of  the  high  concentration  of 
thickneing  agent  in  the  oil,  therefore,  the  structural  skeleton  of 
the  lubricant  undergops  breakage;  as  a  result  it  consists  of  shape¬ 
less  amorphous  flakes  and  aggregates  of  them  (Fig.  12.1,  h).  How¬ 
ever,  the  basic  structure  of  hydrocarbon  crystals  is  retained  in 
commercial  lubricants. 

The  chemical  composition  of  the  oils  has  very  little  effect  on 
the  shape  and  size  of  the  particles  forming  the  structure  (skeleton) 
of  lubricating  greases.  Soap  particles  of  the  same  chemical  compo¬ 
sition  in  lubricants  can  differ  considerably  in  shape  and  size 
depending  on  the  crystallization  conditions,  additional  heat  treat¬ 
ment,  viscosity  of  the  oil  and  certain  other  factors.  The  greater 
the  viscosity  of  an  oil,  the  longer  the  crystals;  this  is  connected 
with  the  fact  that  the  already  formed  string-like  particles  grow 
smaller  the  higher  the  rate  of  formation  of  "seeds”  of  new  soap 
crystals.  However,  in  the  case  of  very  high  oil  viscosities,  tne 
formation  of  strings  does  not  occur,  but  a  finely  granular  mass  is 
obtained . 
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A  list  of  the  principal  methods  of  determining  lubrication 
constants  and  of  verifying  the  quality  of  lubricating  materials  is 
presented  in  Table  12.1, 

The  Stability  of  Lubricants 

Lubricants  are  designed  for  specific  conditions  of  work  and 
for  different  periods  of  storage  during  which  they  should  not 
change  their  operating  properties.  The  more  stable  a  lubricant, 
th<*  less  it  changes  its  chemical  and  physical  properties,  the  longer 
these  periods,  the  more  reliably  it  provides  for  the  operation  of 
mechanisms  and  machines  and  protecta  metals  against  corrosion.  At 
the  present  time  fixed  guarantee  periods  of  working  in  mechanisms, 
sometimes  very  long  (8-10  years  and  more)  are  required  of  many  lub¬ 
ricants.  In  this  case  the  lubricants  must  retain  their  initial  pro¬ 
perties  and  qualitative  indices  not  only  in  the  container  (Jar, 
can,  barrel)  but  aiso  after  being  applied  to  working  surfaces,  in  a 
thin  layer,  during  the  action  of  oxygen  of  the  air,  the  elevated 
temperatures  of  the  tropics  and  severe  frosts  of  an  arctic  climate 
on  them. 


TABLE  12.1 

Principal  Methods  of  Determining  the  Constants  and  Testing  the 
Qualities  of  Lubricating  Materials 


GOST  or  TS  method 


Method  of  determining  the 
drop  point  of  lubricants  (GOST 
6793-53) 


Method  of  determining  the 
solidification  point  of  oils 
and  dark  petroleum  products 
(GCST  1533-42) 


Method  of  determining  the 
ign.Hion  and  flash  point  of 
oils  and  dark  petroleum  pro^ 
ducts  in  an  open  crucible 
(GOST  4333-1*8) 


Method  of  determining  the 
flash  point  of  petroleum  pro¬ 
ducts  in  a  closed  crucible 
(GOST  6356-5?) 


Brief  description  of  method  or 
testing  procedure 

The  temperature  (in  °C  is  re¬ 
corded  at  which  the  first  drop 
of  the  test  lubricant  falls  dur¬ 
ing  its  gradual  heating  in  a 
Ubbelode  apparatus  consisting  of 
a  thermomenter  in  a  unit  with  a 
case  and  small  cup 

The  temperature  (in  °C)  Is  de¬ 
termined  at  which  the  test  li¬ 
quid  product  loses  its  mobility; 
the  test  is  conducted  in  a  test 
tube 

The  temperature  (in  °C)  at 
which  the  petroleum  product  heat¬ 
ed  in  an  open  crucible  according 
to  GOST  1369-42  ignites  when  a 
flame  is  applied  to  it  is  record¬ 
ed 

The  temperature  (in  °C)  at 
which  the  vapors  of  a  petroleum 
product  heated  in  a  closed  cruci¬ 
ble  in  a  GOST  1421-53  apparatus 
form  a  mixture  with  the  surround¬ 
ing  air  which  ignites  upon  appli¬ 
cation  of  a  flame  is  determined 
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GOST  or  TS  method 


Method  of  determining  lubri¬ 
cants'  tendency  toward  slip¬ 
ping  (GOST  6037-51) 


Method  of  determining  the 
capacity  of  a  lubricant  to 
retain  a  continuous  layer  on 
the  surface  of  a  metal  (GOST 
6953-5*0 


Method  of  determining  the 
penetration  of  lubricating 
greases  (GOST  5346-50) 


Method  of  testing  petroleum 
bitumens  (GOST  2400-51) 


Klimov's  method  of  deter¬ 
mining  the  maximum  strength 
of  lubricating  greases  (GOST 
7143-54) 


The  MINKhi  GP  method  of  de¬ 
termining  the  maximum  strength 
of  lubricating  greases*  in  a 
MNI-2  apparatus 


Brief  description  of  method  or 
testing  procedure 

The  capacity  of  a  2  mm  thick 
layer  of  lubricant  not  to  slip 
and  not  to  flow  off  at  a  given 
temperature  from  a  smooth  verti¬ 
cal  metal  surface  is  established. 
The  temperature  at  which  slip¬ 
ping  does  not  occur  (or  slipping 
begins)  is  also  determined 

The  amount  cf  lubricant  which 
remains  on  the  surface  of  a  metal 
in  the  form  of  a  continuous  lay¬ 
er  at  a  specific  temperature 
(usually  60°C)  in  the  course  of 
a  given  time  is  determined;  it 
is  expressed  in  mg/cm2 

The  depth  of  submersion  of  a 
standard  cone  of  a  GOST  2440-42 
penetrometer  in  the  test  lubri¬ 
cant  in  5  s  is  determined  and 
is  expressed  in  degrees  (units 
of  penetration)  registered  by 
the  arrow  on  the  scale  of  the 
penetrometer's  dial  which  cor¬ 
responds  to  tenths  of  a  milli¬ 
meter;  the  method  characterizes 
the  consistency  of  lubricants 

The  depth  of  penetration  of 
the  needle  of  an  instrument  —  a 
penetrometer  (GOST  1440-42)  in 
5  s  is  determined;  it  is  used 
for  determining  the  solidity  of 
ceresins  and  paraffins;  it  is 
expressed  in  degrees  which  cor¬ 
respond  to  the  depth  of  the 
needle's  penetration  in  tenths 
of  a  millimeter 

The  maximum  strength  of  lubri¬ 
cating  greases  is  determined 
from  the  pressure  which  at  a 
given  temperature  produces  a 
shift  in  the  lubricant  in  the 
capillary  of  a  K-2  plastometer ; 
the  maximum  strength  is  expres¬ 
sed  in  gf/cm2 

The  pressure  necessary  for  pro¬ 
ducing  a  shift  of  a  ribbed  plate 
in  the  lubricant  is  determined; 
the  maximum  strength  is  express¬ 
ed  in  gf/cm2 


-  766  - 


GOST  or  TS  method 


Method  of  determining  the 
kinematic  viscosity  of  pe¬ 
troleum  products  (GOST  BB¬ 
SS) 


Method  of  determining  the 
conventional  viscosity  of 
petroleum  products  (GOST 
6258-52) 


Method  of  determining  the 
viscosity  of  lubricating 
greases  (GOST  7163-63) 


Method  of  determining  the 
viscosity  and  ultimate  strength 
with  a  plastoviscosimeter 
(GOST  9127-59) 


Method  of  determining  the 
colloidal  stability  of  lubri¬ 
cating  greases  (GOST  7142-54) 


Method  of  determining  the 
syneresis  of  lubricating 
greases  (GOST  2633-48) 
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Brief  description  of  method  or 
testing  procedure 

The  time  for  the  passage  of  a 
petroleum  product  through  the 
capillaries  of  Pinkevich  (or 
Volarovlch)  viscosimeters  at  a 
given  temperature  is  determined; 
it  is  expressed  in  stokes  (St) 
or  centistokes  (cSt) 

The  conventional  viscosity  of 
petroleum  products  is  determined 
in  a  viscosimeter  (GOST  1532-54); 
it  is  used  for  liquid  petrole- 
products  which  produce  a  contin¬ 
uous  stream  during  the  entire 
test,  but  whore  viscosity  is  im¬ 
possible  to  determine  by  GOST 
33-53;  the  viscosity  is  expressed 
in  arbitrary  degrees  (°VC) 

The  viscosity  of  lubricants  is 
determined  with  the  help  of  the 
AKV-2  automatic  capillary  visco¬ 
simeter  at  a  given  temperature; 
it  is  expressed  in  poises 

The  resistance  shown  by  a  lub¬ 
ricant  which  is  in  the  gap  be¬ 
tween  the  core  and  body  of  the 
apparatus  upon  rotation  of  the 
cores  is  determined.  The  viscosi¬ 
ty  and  the  maximum  strength  are 
determined  in  a  PVR-l  plastovisco¬ 
simeter;  the  viscosity  is  ex¬ 
pressed  in  poises  and  is  related 
to  a  specific  rate  of  deformation 
expressed  in  3-1 

The  amount  of  oil  (in  t)  which 
is  pressed  from  the  lubricant  in 
a  KSA  apparatus  at  room  tempera¬ 
ture  is  determined;  the  method 
is  intended  for  determining  the 
tendency  of  a  lubricant  to  give 
off  oil  during  storage 

The  amount  of  the  liquid  phase 
(in  %)  which  is  given  off  from  a 
lubricant  in  a  specific  time  as 
a  result  of  structural  changes  in 
its  colloidal  system  is  deter¬ 
mined;  the  method  is  based  on 
the  use  of  the  accelerating  ef¬ 
fect  of  the  mechanical  treatment 
of  a  lubricant,  increased  temper¬ 
ature  and  capillary  forces 


GOST  or  TS  method  Brief  description  of  method  or 

testing  procedure 


Tekhratsne ’t  method  of  de¬ 
termining  the  content  of  mechan¬ 
ical  impurities  in  lubricating 
greases  (GOST  1036-50) 


Method  of  determining  the 
content  of  mechanical  impuri¬ 
ties  in  lubricating  greases 
using  acid  decomposition  (GOST 
6479-53) 


Method  of  determining  the 
content  of  mechanical  impuri¬ 
ties  in  petroleum  products 
(GOST  6370-52) 


The  method  of  determining  the 
content  of  mechanical  contamin¬ 
ants  in  lubricants  with  the  help 
of  a  counting  chamber  (GOST 
9270-59) 

Method  of  determining  the 
content  of  free  bases  and  free 
organic  acids  in  lubricating 
greases  (GOST  6707-57) 


Method  of  determining  water 
soluble  acids  and  bases  in 
petroleum  products  (GOST  6 307— 
60) 


The  amount  of  substances  in¬ 
soluble  in  an  alcohol-benzene 
mixture  and  hot  distilled  water 
is  determined  in  lubricants  by 
extraction  of  the  lubricant  with 
an  alcohol-benzene  mixture  and 
treatment  of  the  residue  on  the 
filter  with  hot  distilled  water; 
it  is  expressed  in  % 

The  content  in  the  lubricants 
of  substances  which  are  insolu¬ 
ble  in  petroleum  ether,  hydro¬ 
chloric  acid,  alcohol-benzene 
mixture  and  distilled  water  is 
determined;  it  is  expressed  in  % 

The  content  in  a  petroleum  pro¬ 
duct  of  mechanical  impurities 
retained  on  the  filter  during 
filtration  of  the  petroleum  pro¬ 
duct  or  its  benzene  or  gasoline 
solution  is  determined  by  the 
gravimetric  method;  it  is  ex¬ 
pressed  in  % 

The  determination  is  carried 
out  by  counting  the  number  of 
particles  of  mechanical  contam¬ 
inants  on  a  special  slide 


The  content  of  free  bases  and 
free  organic  acids  is  determined 
in  lubricants  thickened  with 
soaps;  the  free  base  content  is 
expressed  in  converting  to  NaOH 
in  the  free  acid  content  by 
the  acid  number  in  mg  of  KOH 
per  g,  or  in  %  in  converting  to 
oleic  acid 

The  presence  of  water  soluble 
acids  and  bases  in  liquid  petrol¬ 
eum  products  is  determined  quali¬ 
tatively  by  their  extraction  with 
distilled  water  and  by  establish¬ 
ing  the  reaction  of  the  aqueous 
extract  with  the  indicators 
methyl  orange  and  phenophthalein 


\ 
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GOST  or  TS  method 


Method  of  determining 
the  acid  number  in  oils  (GOST 
5985-59) 


Method  of  determining  the  re¬ 
sistance  of  lubricants  against 
oxidation  (GOST  5734-62) 


MINKhlGP  method  of  determin¬ 
ing  the  chemical  stability  of 
lubricants 


Method  of  determining  the 
water  content  of  lubricating 
greases  (GOST  1044-41) 


Qualitative  method  of  deter 
mining  water  (GOST  15*18-42) 


Method  of  determining  ash 
content  (GOST  1461-59) 


Brief  description  of  method  or 
testing  procedure 

The  determination  is  based  on 
the  extraction  of  organic  acids 
from  the  oil  with  boiling  ethyl 
alcohol  and  their  titration 
with  an  alcoholic  solution  of 
potassium  hydroxide.  The  acid 
number  is  expressed  in  mg  of 
KOH  per  g  of  oil 

The  resistance  of  lubricating 
greases  against  oxidation  is 
evaluated  from  the  amount  of  or¬ 
ganic  acids  formed  upon  heating 
a  lubricant  which  has  been  ap¬ 
plied  in  a  thin  layer  to  a  cop¬ 
per  plate  which  serves  as  a 
catalyst.  The  evaluation  is  car¬ 
ried  out  from  the  change  in  the 
acid  number  of  the  lubricant  and 
is  expressed  as  the  difference 
in  acid  numbers  of  the  lubricant 
before  and  after  oxidation  in 
mg  of  KOH  per  g  of  lubricant 

The  degree  of  oxidation  of  the 
lubricant  after  irradiation  with 
a  quarts  lamp  at  a  given  temper¬ 
ature  (usually  about  5u°C)  and 
in  the  course  of  a  given  time 
(16  or  32  h)  is  determined.  The 
evaluation  is  carried  from  the 
change  in  the  lubricant's  acid 
number  and  is  expressed  as  the 
difference  in  the  lubricant’s 
acid  numbers  before  and  after 
oxidation  in  mg  of  KOH  per  g  of 
lubricant 

Water  is  removed  from  a  lubri¬ 
cating  grease  mixture  with  "Ga¬ 
losh's”  gasoline  in  a  GOST  1594- 
59  apparatus  and  its  content  is 
expressed  in  % 

The  presence  of  small  amouts 
of  water  in  lubricants  is  deter¬ 
mined  qualitatively  (from  crepi¬ 
tation  upon  heating  in  a  test 
tube ) 

A  weighed  sample  of  the  test 
petroleum  product  is  evaporated 
with  the  help  of  a  wick  from  a 
benzene  filter  and  the  solid 
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GOST  or  TS  method  Brief  description  of  method  or 

testing  procedure 

(cont'd) 

residue  Is  calcined  until  the 
mass  is  constant;  the  ash  con¬ 
tent  is  expressed  in  t 

Method  of  determining  the  A  weighed  sample  of  the  petro- 

sulfur  content  in  heavy  petrol-  leum  product  is  combusted  in  a 

eum  products  by  combustion  in  calorimetric  bomb  and  then  the 

a  bomb  (GOST  3877-^9)  amount  of  SOU  ions  found  in  the 

distilled  water  with  which  the 
bomb  was  washed  is  determined; 
precipitation  is  carried  out  by 
barium  chloride;  the  sulfur  con¬ 
tent  is  expressed  in  % 

VTI  method  of  determining  A  weighed  sample  of  the  pro¬ 
sulfur  content  (GOST  1431-d1!)  duct  is  combusted  in  a  crucible 

with  a  mixture  of  manganese  per¬ 
oxide  and  soda  and  sulfur  is 
determined  in  the  form  of  barium 
sulfate 

Past  method  of  determining  The  change  in  the  surface  of 

the  corrosive  effect  of  lubri-  metallic  (polished  steel,  copper, 

eating  greases  on  metals  (GOST  brass  or  bronze)  plates  sub- 
5757-51)  merged  for  3  h  in  the  test  lub¬ 

ricant  heated  to  100°C  is  re¬ 
corded  visually 

Method  of  testing  lubricating  The  change  in  the  color  of 

greases  for  corrosion  of  metal-  metallic  (copper,  steel  or  brass) 
lie  plates  (GOST  1037-^1)  plates  as  a  result  of  corrosion 

from  the  action  of  the  lubricant 
at  15-20°C  for  a  fixed  time  is 
recorded  visually 

Method  of  determining  the  pro-  The  corrosion  defects  of  metal 
tective  properties  of  lubrlcat-  plates  (steel,  copper,  brass  or 
ing  greases  (OOST  ^699-53)  bronze)  covered  with  the  lubri¬ 

cating  greases  and  kept  in  a 
humid  environment  are  visually 
determined 

Past  method  of  determining  The  capacity  of  the  lubricants 

the  protective  properties  of  to  protect  metals  from  corrosion 

lubricating  greases  (OOST  2926-  when  moisture  condenses  on  them 
^5)  is  determined;  it  is  expressed 

by  the  number  of  cycles  which  a 
sample  of  the  lubricant  endures 

*¥rudy  MINKhi  GP (Trans,  of  the  Moscow  Institute  of  the  Petrochemi¬ 
cal  and  Gas  Industry],  No.  32,  Gostoptekhizdat  [State  Scientific 
and  Technical  Oil  and  Mineral-Puel  Press],  I960,  p.  1 h l . 
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Physical  Stability 

Lubricants  should  not  change  their  colloidal  and  structural- 
mechanical  properties  (colloidal  stability,  evapor&bility  and 
thermal  stability)  from  the  effect  of  temperature,  stresses  and 
other  physical  factors.  Physical  stability  depends  to  a  large  de¬ 
gree  the  combination  of  chemical  and  physical  transformations 
in  lubricants. 

Colloidal  Stability 

A  lubricant  3hould  not  give  off  oil  during  storage  in  a  con¬ 
tainer  or  on  lubricated  surfaces.  This  property  is  due  to  the 
structure  of  the  lubricant  and  its  chemical  nature  and  depends  on 
the  properties  of  the  thickening  agent  and  oil,  their  proportlcr- 
the  presence  of  water,  additives  and  impurities  in  the  lubricant, 
the  dispersion  and  crystallization  conditions  and  on  all  the  fac¬ 
tors  on  which  structure  formation  depends.  It  depends  primarily  on 
the  completeness  of  the  structural  skeleton,  the  shape,  size  and 
degree  of  uniformity  of  the  lubricant's  structural  particles. 

The  colloidal  stability  of  lubricants  is  only  partly  connected 
with  syneresis  and  therefore  these  properties  cannot  be  Identified. 
The  higher  the  thickening  capacity  of  a  thickening  agent  and  the 
more  there  is  of  it  in  a  lubricant,  the  better  the  liquid  phase  is 
bound  in  it.  Hydrocarbon  lubricants  -  homogeneous  fusions  of  min¬ 
eral  oils  with  solid  hydrocarbons  (ceresin  and  paraffin)  distrib¬ 
uted  in  lubricants  in  the  form  of  thin  monomolecular  layers,  crys¬ 
tals  (see  Fig.  12.1,  g)  -  are  distinguished  by  high  colloidal  sta¬ 
bility  during  storage.  Lubricants  thickened  with  soaps  are  less 
stable  since  the  structural  skeleton  is  not  as  dense  and  the  crys¬ 
talline  lattic  of  the  soaps  *as  a  considerably  smaller  oil  capacity 
than  the  crystalline  lattice  of  hydrocarbons ;  there  is  relatively 
more  mechanically  retained  oil  in  the  skeleton  of  soaps  and  it  is 
more  poorly  retained.  Moreover,  soapy  lubricants  are  more  suoject 
to  aging  processes  as  a  result  of  which  there  are  structural 
changes  and  the  liberation  of  oil  associated  with  them. 

Weakly  basic  lubricants  are  more  stable  than  weakly  acid  ones. 
Proper  heat  treatment  (exposure  at  a  specific  temperature)  of  a 
lubricant  during  its  crystallization  can  considerably  increase  Its 
colloidal  stability.  The  treatment  of  a  lubricant  on  rollers,  in 
homogenlzers  and  other  grinding  machines  leads  as  a  rule  to  des¬ 
truction  of  thf*  structural  skeleton  of  the  lubricants  and  to  the 
liberation  of  part  of  the  oil.  Lubricants  with  a  low  colloidal 
stability  (for  example,  TsIATlM-201)  are  packed  in  a  small  contain¬ 
er  in  order  to  avoid  large  separation  of  the  liquid  phase. 

The  separation  of  oil  is  accelerated  from  the  effect  of  stres¬ 
ses  (its  own  weight,  applied  pressure,  centrifugal  forces,  etc.) 
and  a  change  in  temperature. 

Evaporabi 1 i ty 

When  a  lubricant  is  used  under  high  temperature  conditions 
and  it  is  changed  lnfrequertly  or  the  friction  Joint  is  generally 
lubricated  once  during  its  assent) ly,  the  evaporability  of  lubricants 
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is  of  great  importance.  High  evaporability  can  have  a  negative 
effect  on  the  protective  properties  of  the  lubricant  layer  during 
long  storage  of  products  covered  with  it,  especially  in  a  hot  clim¬ 
ate.  In  optical  instruments  lubricants  are  not  replaced  for  ten 
years,  and  from  evaporation  of  the  liquid  phase  of  the  lubricants 
vapors  of  petroleum  products  can  condense  on  the  optical  glass  and 
form  condensation  deposits  which  put  the  instruments  cut  of  coro- 
mislon.  Some  lubricants  work  in  a  vacuum  where  evaporation  takes 
place  especially  intensively.  In  the  absence  of  air  movement  eva¬ 
porability  is  retarded  and  in  a  closed  air-tight  space  (for  example, 
in  metal  cans  and  containers)  evaporation  practically  does  not 
occur. 

During  the  evaporation  of  oil  lubricants  decrepitate,  crusts 
appear  on  the  surface  of  the  layer;  from  heavy  evaporation,  only 
soaps  remain  which  form  dry,  sometimes  crumbling  layers  which  do 
not  possess  protective  and  anti-friction  properties.  The  evapora¬ 
tion  of  oil  from  low- temperature  lubricants  impairs  their  frost- 
resistance;  dried  lubricants  do  not  provide  operation  of  mechan¬ 
isms  at  low  temperatures . 

The  evaporability  of  lubricants  depends  on  the  fractional 
composition  of  the  oil  which  enters  into  their  composition.  Lubri¬ 
cants  prepared  in  MVP  oil  dry  up  considerably  more  rapidly,  those 
prepared  in  industrial  oils  12  and  20  more  slowly  and  those  pre¬ 
pared  in  heavy  aviation  oils  MS-ll|,  MS-20,  MK-22  and  others  even 
more  slowly. 

The  quantitative  evaluation  of  the  evaporability  of  lubricants 
is  based  on  measurement  of  the  loss  of  mass  of  a  lubricant  sample 
kept  under  strictly  determined  conditions  for  a  specific  time.  The 
temperature  conditions  should  be  as  close  as  possible  to  those  in 
which  the  lubricant  is  used.  The  temperature  is  Increased  to  50- 
100°C  to  accelerate  the  testing.  A  method  which  is  a  variation  of 
the  determination  of  the  evaporability  of  oils  by  GOST  9566-60 
is  sufficiently  accurate.  Other  methods  are  also  used:  the  keeping 
of  lubricant  press  cakes  on  pieces  of  glass  under  a  solux  lamp, 
determination  of  evaporability  in  an  air  current  and  others. 

Water  Resistance 

This  property  has  great  importance  both  for  protective  and 
for  anti-friction  lubricants,  especially  for  those  which  are  used 
in  products  stored  or  operated  in  the  open  air  in  countries  with  a 
tropical  humid  climate.  Lubricants  should  not  be  washed  off  with 
water,  should  not  form  an  emulsion  with  it,  dissolve  in  water  and 
change  its  anti-friction  and  protective  properties  in  interacting 
with  water. 

Easily  washed  off  lubricants  should  not  be  used  for  covering 
the  outer  surfaces  of  products  which  during  transportation,  stor¬ 
age  and  use  are  not  protected  from  rain,  snow  and  other  atmospheric 
precipitations  falling  directly  on  them;  they  should  not  be  used  in 
marine  and  river  vessels. 
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Fig.  12.2.  Water  erosion  capacity  of  lubricants  at  a  temperature 
of  31°C.  1)  Erosion  capacity,  %-,  2)  time,  min;  2)  TsIATlM-201; 
i4)  MS-70 ;  5)  US-2;  6)  GOI-54;  7)  TsJATIM-205;  8)  AMS-3;  9)  PVK; 
10)  SKhK. 


Water  resistance  depends  on  the  chemical  and  physical  proper¬ 
ties  of  the  lubricant,  on  their  viscous  and  other  mechanical  char¬ 
acteristics,  the  temperature  of  the  lubricant  and  of  the  wash 
water.  The  temperature  of  rainwater  rarely  exceeds  25-30° C.  There¬ 
fore  lubricants  are  frequently  tested  for  water  resistance  at 
these  temperatures.  The  curves  of  the  water  erosion  capacity  of 
some  commercial  lubricants  at  31°C  are  presented  in  Fig.  12.2. 
Lubricant  1-13  which  contains  a  sodium  (water  soluble)  soap  is 
washed  off  most  quickly  of  all.  Lubricant  TsIATIM-201  is  also 
washed  off  rapidly  because  of  its  low  mechanical  properties.  The 
group  of  lubricants  containing  hydrophobic  soaps  and  having  greater 
stability  of  the  layer  (MS-70,  fattv  grease,  GCI-5A)  occupy  a  mid¬ 
dle  position  in  erosion  capacity.  The  hydrocarbon  lubricants 
SKhK,  PVK,  TsIATIM-205  are  the  most  resistant;  the  aluminum  marine 
lubricant  AMS-3  is  part  of  this  group. 

Data  on  water  resistance  obtained  in  the  laboratory  have 
proved  to  be  correct  under  conditions  of  practical  use  of  the  lub¬ 
ricants  . 

SI ipping 

The  slipping  of  lubricating  (plastic)  greases,  in  contrast  to 
liquid  or  molten  plastic  lubricants  takes  place  at  teaperatures 
which  are  considerably  lower  than  their  melting  point  (drop  point). 
For  example,  gun  lubricant  has  a  drop  point  of  52-56*0,  while  the 
slipping  temperature  is  3?-3bcC;  the  drop  point  of  lubricant  001- 
5*  (GOST  3276-5*0  is  above  60°C,  while  it  slipped  at  A0°C.  Slip¬ 
ping  Is  of  great  practical  importance  especially  for  those  lubri- 


cants  which  are  used  for  pcrtection  against  corrosion  of  large 
metal  products  which  are  heated  in  the  sunshine  sometimes  to  com¬ 
paratively  high  temperatures. 

On  vertical  surfaces  covered  with  lubricant,  slipping  is 
usually  manifested  immediately.  Fissures  and  cracks  in  the  layer 
appear  which  rapidly  enlarge  and  the  whole  layer  or  a  large  part 
of  it  is  shifted  and  slides  down,  exposing  the  surface  of  the 
metal  on  which  a  thin  layer  of  the  liquid  oily  base  of  the  lubri¬ 
cant  remains. 

The  slipping  temperature  depends  on  many  factors :  the  compo¬ 
sition  and  method  of  cooling  the  lubricant,  the  presence  of  air 
bubbles  in  it,  the  thickness  of  the  layer,  treatment  of  the  lub¬ 
ricated  surface  and  even  on  the  metal  on  which  it  is  applied. 
Slipping  is  a  result  of  boundary  syncresis  -  an  increase  in  the 
concentration  of  the  liquid  phase  near  the  surface  of  the  metal. 
Slipping  of  the  lubricant  layer  along  a  smooth  surface  takes  place 
even  in  the  presence  of  a  very  thin  layer  of  liquid  which  has 
separated  out  on  the  surface  of  the  metal.  The  thicker  the  layer, 
the  lower  the  temperature  at  which  it  slips.  Additives  -  oxidized 
petroleum  products  (MNI-3,  MNI-7)  increase  the  temperature  of 
slipping  of  hydrocarbon  lubricants  {gun,  001-5*0.  The  preparation 
of  the  new  protective  lubricants  PVK,  GOI-5*0.  The  preparation  of 
the  new  protective  lubricants  PVK,  G0I-5*<p,  SKhK  and  others  whose 
slipping  point  is  close  to  the  drop  point  is  based  on  this.  The 
"lipping  point  is  determined  by  GOST  6037-51  with  certain  refine¬ 
ments  . 

Hygroscoplcity 

This  property  is  evaluated  from  the  amount  of  water  absorbed 
under  specific  conditions.  The  increases  in  weight  of  lubricant 
samples  (in  t)  in  a  humid  atmosphere  in  16  h  are  presented  below: 


TsIATIM-221 . 7.1 

Patty  Grease . 3-29 

TslATIK-201 . 0.16 

Gun  . 0.07 

TslATIM-205  .  0.01 


Among  water  resistant  lubricants  calcium  lubricants  are  most 
hygroscopic,  lithium  are  less  hygroscopic  and  hydrocarbon  lubri¬ 
cants  absorb  even  less  moisture. 

Chemical  Stability 

The  chemical  stability  of  lubricants  depends  mainly  on  the 
ability  of  their  components  to  interact  with  oxygen  of  the  air.  If 
a  lubricant  during  operation  comes  into  contact  with  some  other 
chemically  active  substances  (acids,  bases,  solvents,  etc.),  its 
chemical  stability  -depends  on  whether  it  does  or  does  net  react 
with  them. 

Products  which  have  an  acid  reaction  are  accumulated  in  a 
lubricant  as  a  result  of  combining  with  oxygen,  and  its  acid  num¬ 
ber  increases . 


Hydrocarbon  lubricants  as  a  rule  oxidize  slowly:  in  7  years 
when  stored  in  cans  their  acid  number  increases  by  0. 1-0.3  mg  of 
KOH  per  g,  and  in  equipment  -  by  0.6-0. 8  mg  of  KOH  per  g. 

Soapy  lubricants  are  oxidized  considerably  faster;  fatty 
grease ,  for  example,  is  weakly  alkaline  at  first,  in  7  years  in 
a  container  it  acquires  an  acid  number  of  0.8-1. 6  mg  of  KOH  per  g, 
and  in  wheel  hubs  -  1.9-7. 9.  The  acid  number  of  fatty  korstaiin 
can  reach  10-45  mg  of  KOH  per  g  in  this  time.  Certain  lubricants 
are  oxidized  especially  rapidly.  Products  which  cause  the  corros¬ 
ion  of  metals  and  which  change  the  structure  of  a  lubricant  are 
accumulated  in  a  lubricant  after  coniderable  oxidation  leads  to 
the  destruction  of  the  structural  skeleton  of  soapy  lubricants,  a 
change  in  the  resistance  of  the  diffusion  of  vapors  of  corrosive- 
aggressive  substances  (water),  etc.  Those  lubricants  in  which 
chemical  changes  do  not  have  a  noticeable  effect  on  operating 
properties  during  the  entire  time  of  storage  (usually  counted  in 
years)  or  in  friction  Joints  are  considered  as  chemically  stable. 

The  most  rigid  requirements  for  chemical  stability  are  made  of 
lubricants  which  are  used  in  important  mechanisms  where  a  change 
in  the  lubricant  (or  its  replenishment)  is  impossible  or  is  great¬ 
ly  hampered  and  the  operating  conditions  are  rather  rigid. 

The  oxidation  of  lubricants  takes  place  especially  actively 
at  elevated  temperatures  and  pressure,  in  the  presence  of  catalysts, 
from  the  effect  of  ultraviolet  and  solar  radiation  as  well  as 
atomic  radiation.  The  majority  of  soaps  are  catalysts  of  oxidation. 
Metals,  especially,  nonferrous,  and  their  oxides  also  promote  the 
oxidation  of  lubricants  which  are  in  contact  with  them.  Glycerin, 
alcohols,  free  fatty  acids  and  oxidized  petroleum  products  accel¬ 
erate  oxidation  in  a  majority  of  cases.  The  presence  of  moisture 
reduces  the  induction  period  of  the  oxidation. 

Aromatic  hydrocarbons  which  form  during  the  oxidation  of 
phenol  type  compounds,  some  sulfur  compounds  and  aromacic  amines, 
on  the  other  hand.  Inhibit  oxidation  precedes.  Diphenylamine ,  p- 
oxydipheny lamlne ,  a-naphthol  and  other  in’  tors  of  oxidation  are 
Introduced  int„  lubricants  as  antioxidizi  additives. 

Several  methods  are  used  to  determine  the  chemical  stability 
of  lubricants.  For  example,  chemical  stability  is  determined  in  an 
Incubator  at  120°C  according  to  GOST  5734-60.  Methods  have  bee*- 
developed  In  which  oxidation  Is  carried  out  under  the  ultraviolet 
radiation  cf  a  quartz  iemp.  The  evaluation  is  made  from  the  change 
In  tnc  lubricant’s  acid  number  and  from  ether  criteria  (change  in 
oxygen  pressure  In  a  Khd-4  apparatus). 

Radiation  Resistance 

For  products  which  are  used  in  special  equipment  where  they 
may  be  subjected  to  a-,  8-  and  y-radlation  (from  the  decay  of 
radioactive  elements)  as  well  as  to  the  effect  of  electrons,  pro¬ 
tons  and  neutrons  formed  during  the  splitting  of  atoras ,  radiation 
resistance  is  cf  great  importance.  The  wide  use  of  atomic  energy 
for  peaceful  purposes  has  furthered  the  study  of  the  radiation 
resistance  of  lubricants. 


From  the  effect  of  the  great  energies  of  ionizing  radiation 
which  activate  molecules  of  a  lubricating  material,  rupture  of 
their  chemical  bonds  takes  place.  New  compounds  whose  structure 
and  properties  differ  from  those  of  the  original  compounds  are  ob¬ 
tained  from  the  Interaction  of  the  free  radicals  which  have  formed 
among  themselves  or  with  other  activated  molecules.  Polymerization 
and  oxidation  reactions  usually  take  place  from  which  volatile  pro¬ 
ducts  of  low  molecular  weight  are  formed.  Mineral  and  synthetic 
oils  darken  after  irradiation,  become  more  viscous  and  from  the 
absorption  of  large  doses  of  radiation  even  gelatinize  or  solidify. 
The  same  thing  occurs  in  lubricating  greases  with  an  cily  base.  In 
the  initial  stage  of  irradiation  the  structural  skeleton  of  soapy 
lubricants  is  destroyed  and  the  lubricants  become  soft.  Later, 

_aring  the  gelatinization  of  tne  liquid  phase,  the  lubricants  hard¬ 
er.  and  become  brittle.  The  profoundness  of  the  changes  depends  on 
the  dose  of  absorbed,  radiation  and,  the  chemical  composition  of  the 
lubricant.  Significant  changes  in  the  properties  of  a  majority  of 
lubricants  begin  to  appear  at  an  absorbed  radiation  dose  of  1*10® 
rad.  However,  lubricants  have  been  developed  which  are  5-7  times 
more  resistant  [12]. 

After  irradiation  lubricants  acquire  induced  radioactivity, 
whose  magnitude  depends  on  the  presence  of  sulfur,  phosphorus,  a 
metallic  soap  radical  and  other  factors.  Antioxidants  deteriorate 
rapidly  in  lubricants  upon  Irradiation  and  become  ineffective. 

The  radiation  resistance  of  lubricants  in  a  working  state  from  in¬ 
tensive  agitation  in  bearings,  reducing  gears  and  other  mechanisms 
is  considerably  lower  than  in  a  state  of  rest  [12]. 

Yield  Point 

This  property  which  is  also  caused  the  yield  stress  or  strength 
defines  the  actual  boundary  line  between  a  state  of  rest  and  the 
plastic  flow  of  a  lubricant.  In  practice  it  serves  different  pur¬ 
poses  and  is  expressed  In  gf/cmz . 

TABLE  12.2 


Strength  Deter,.  ed  In  K-2  Plastometer 


1 

CXMKI 

2  T-  aea  npoqnocTH  (r/e**)  opi 

80' C 

80'  C 

*o*c 

3-Co.iBaon  CHHTeTirqecKnft: 

kVCci . 

0 

0,9-1, 3 

1,3-1, 8 

5  yco-2 . 

0 

0,5-3 

2-4 

6  yCc  —  aBTOM06nJlbHaH  .... 

0 

1,5— 4,5 

3-6 

7  Co.iHAon  >Ki'pojou  yC-2  . 

0 

2-3,5 

4 -to 

G  KOHCTa.TBH  ,:;iipOBOft  . 

<  -2,5 

3—6 

5  -10 

9  1-13  HMipOBafl  . 

0,5— 2,5 

1,5-4, 5 

3-6 

io  1-1 3c  (cnHTeTinecKan)  . 

1-2 

2, 0-2, 5 

4-8 

l  1  HH3-2 . 

0,7-1, 5 

1,7-1, 5 

2, 5-4, 5 

l  2  UHATllM-201  . 

1-2 

2-4 

4-6 

1  3  HK-50  . 

1,0-1, 5 

3-4 

4-5 

1  tUIATIM-221  . 

0, 7-1,0 

2-2,5 

2-2,5 

1  5  .LJHATHM-22le  . . 

1,0 

1,8 

3,0 

1)  Lubricant;  2)  strength  (gf/cm2)  at;  3)  synthetic  grease;  M)  u.Ss- 
1;  5)  USs-2;  6)  USs  -  automotive;  7)  US-2  fatty  grease;  8)  fatty 
konstalin;  9)  fatty  1-13;  10)  l-13s  (synthetic);  11)  YaNS-2;  12) 
TcIATIM-201;  13)  NK-50,  14)  TsIATIM-221;  1.)  TsIATIM-221s . 
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Being  a  true  physical  characteristic  of  the  degree  of  consis¬ 
tency  of  lubricants,  it  makes  it  possible  to  distinguish  lubricants 
by  grades  more  objectively  and  validly  than  by  the  penetration  in¬ 
dex.  It  is  possible  to  Judge  the  content  of  thickening  agent  in  a 
lubricant  and  its  thickening  capacity  by  it.  The  temperature  at 
which  the  yield  point  becomes  equal  to  zero  is  the  true  transition 
point  of  a  lubricating  grease  from  a  plastic  to  a  liquid  state.  It 
characterizes  more  validly  the  limits  of  a  lubricant's  use  than  an 
empirical  index  -  the  drop  point. 

The  yield  points  of  some  commercial  lubricants  determined  in 
a  K-2  plastometer  according  to  GOST  71^3-5*1  are  presented  in  Table 
12.2. 

The  PVR-1  rotating  plastoviscosimeter  (GOST  9127-59)  is  anot.. 
standardized  instrument  for  determining  the  yield  point  (strength) 
of  lubricants.  The  absolute  values  of  strength  obtained  on  this  In¬ 
strument  differ  from  the  corresponding  values  obtained  in  the  K-2 
apparatus . 

Residual  Shear  Stress 

The  residual  shear  stress  is  a  property  which  expresses  the 
thickness  and  consistency  of  lubricants  and  is  determined  accord¬ 
ing  to  GOST  6407-52  with  the  help  of  a  penetrometer.  The  greatest 
submersion  depth  of  a  cone  in  a  lubricant  is  measured  with  a  mi¬ 
crometer.  The  residual  shear  stress  is  expressed  In  gf/crn2. 

Viscosity  Properties  of  lubricants 

The  ability  of  lubricants  to  show  resistance  to  movement  in 
flowing  is  called  viscosity,  or  internal  friction.  The  viscosity 
of  lubricants  depends  on  the  rate  of  deformation  and  therefore 
even  at  a  constant  temperature  it  cannot  be  expressed  by  a  con¬ 
stant  value  similarly  to  the  viscosity  of  oils.  The  viscosity  of 
a  lubricant  at  a  constant  temperature  and  a  variable  rate  of  de¬ 
formation  is  called  the  effective  viscosity  and  is  denoted  by 


where  t  is  the  temperature  in  °C,  D  is  the  mean  rate  of  deforma¬ 
tion  in  s_1  and  x  Is  the  shear  strength  In  dyn/cm2 . 

The  Intensity  of  the  change  in  viscosity  with  a  change  in 
the  rate  of  deformation  of  shearing  determines  the  viscosity-rate 
characteristic  (VSKh)  of  lubricants,  and  with  a  change  in  temper¬ 
ature  —  the  viscosity-temperature  characteristic  (VTKh). 

The  effective  viscosity  is  determined  with  the  help  of  the 
AKV-2  automatic  viscosimeter,  as  well  as  with  the  simplified  AKV- 
4  viscosimeter.  The  effective  viscosities  of  some  commercial  lu¬ 
bricants  determined  at  different  temperature  in  the  AKV-2  instru¬ 
ment  [8]  are  presented  In  Table  12.3  and  the  values  of  the  effect¬ 
ive  viscosities  of  three  lubricants  determined  in  the  PVR-1  rota¬ 
ting  viscosimeter  according  to  GOST  9127-59  are  given  in  Table 
12.4. 
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The  indices  which  characterize  the  viscosity  properties  of 
lubricating  greases  are  of  great  practical  importance.  The  capa¬ 
city  of  lubricants  to  be  pumped  through  pipes,  grease  ducts  and 
other  communications  into  friction  joints  with  the  help  of  various 
filling  devices  (presses,  lubricating  values,  etc.)  depends  on  the 
viscosity  properties.  The  expenditure  of  energy  on  the  operation 
of  mechanisms  and  on  the  movement  of  the  lubricant  itself  is  also 
determined  by  the  viscosity  of  a  lubricating  material.  Here,  the 
dependence  of  the  viscosity  on  the  temperature  and  the  rate  of 
deformation  plays  a  large  role.  With  an  increase  in  the  rate  of 
deformation,  the  power  expended  on  moving  the  lubricant  or  on  the 
operation  of  mechanisms  increases  much  more  slowly  than  in  the  use 
of  oil. 


TABLE  12.3 


Effective  Viscosity  of  Commercial  Lubricants 
Determined  in  AKV-2  Apparatus 


1 

Chum 

2 

BnsKOcTb  (b  n>)  npH  rpasneirre  cxopocrs 
notwpxaumi  10  «r'  a  TenneptTjp* 

80°  C 

20*  C 

o°c 

— 15*0 

-50°  C 

3  Common  cnHTBTHHeciodL 

400-600 

1000- 

3000- 

5  YCo-2 . 

400- 

1800 

*1000- 

5000 

2000- 

6  COJIUOJI  jKHpOBOft  yC-2  .  .  . 

_ 

1000 

800- 

5000 

1500- 

15000 

3000- 

7  KOHCTaaHH  KUpOBOi . 

1200 

1000- 

2500 

3000- 

4500 

8000- 

8  1-13  wnpoBai . 

_ 

2000 

1000- 

5000 

3000- 

12000 

8000- 

J  1-lSc . 

_ 

2000 

800- 

5000 

1500- 

10000 

10000- 

_ 

l  o  HH3-2  . 

1500 

800- 

3200 

1400- 

20000 

8000- 

_ 

1  1  UHATIIM-201 . 

-  - 

1500 

700- 

2000 

1000- 

12000 

1500— 

9000- 

1  2  HK-50 . 

400- 

1000 

4000- 

1500 

12  000- 

2500 

25  00C— 

11000 

l  3  IJHATHM-221 . 

'  500 
100- 

5000 

200-400 

15000 

600-700 

30  000 
1300- 

6000- 

1  4  1JHATHM-221C  .1 . 

200 

400 

i 

1700 

| 

8000 

10000 

1)  Lubricant;  2)  viscosity  (in  poises)  at  a  gradient  of  the  defor¬ 
mation  rate  of  10  s_1  and  a  temperature  of;  3)  synthetic  grease; 
4)  USs-1;  5)  USs-2;  6)  fatty  grease  US-2;  7)  fatty  konstalin; 

8)  fatty  1-13;  9)  l-13s;  10)  YaNZ-2;  11)  TsIATIM-201;  12)  NK-50; 
13)  TsIATIM-221;  14)  TsIATIM-221s . 


The  viscous  resistance  of  lubricants  increases  with  a  de¬ 
crease  in  temperature.  The  temperature  at  which  its  internal  fric¬ 
tion  increases  so  much  that  the  power  of  the  drive  mechanism  be¬ 
comes  insufficient  to  bring  the  mechanism  into  motion  or  for  out¬ 
put  into  the  necessary  circuit  is  usually  taken  as  the  lower  limit 
of  the  use  of  a  lubricating  grease. 
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TABLE  12.4 

Effective  Viscosity  of  Commercial  Lubricants 
Determined  in  PVR-1  Apparatus 


1 

J 

1-  2 
h 

i 

a 

k 
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20 
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_ 
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-50 

10 

113 

50 

19,7 
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50 

59.8 

252 

7,2 

334 

9.7 

252 

404 

1250 

5,5 

18.0 

— 

1250 

284 

1)  Temperature,  °C;  2)  gradient  of  deformation  rate,  s  l;  3)  vis¬ 
cosity,  poises;  4)  TsIATIM-201;  5)  fatty  grease  US-2;  6)  fatty  1-13. 


Lubricating  greases  in  the  working  temperature  range  change 
their  viscosity  to  a  considerably  smaller  degree  than  the  oils  in 
which  they  are  prepared.  Thanks  to  good  viscosity-temperature  and 
viscosity-rate  properties,  lubricating  greases  are  used  where 
great  changes  in  temperature  and  rate  conditions  of  the  operation 
of  mechanisms  occur. 

Thixotropy 

Thixotropy  is  the  ability  of  dispersed  systems  to  liquefy 
under  the  influence  of  a  mechanical  effect  and  to  congeal  again 
after  its  cessation.  The  thixotropic  properties  of  lubricating 
greases  are  manifested  in  a  decrease  in  strength  or  viscous  re¬ 
sistance  during  a  mechanical  effect  and  in  their  recovery  after 
cessation  of  this  effect. 

Soap-oil  systems  obtained  from  a  melt  (that  is,  the  overwhelm¬ 
ing  majority  of  saponaceous  lubricants)  have  two  structures  which 
differ  fundamentally  in  properties: 

1)  a  friable  condensation  (crystallization)  structure  which 
is  formed  after  cooling  of  the  melt  which  is  not  restored  after 
mechanical  treatment; 

2)  a  reversible  thixotropic  (dispersed)  structure  whose  for¬ 
mation  is  possible  under  isothermic  conditions. 

During  cooling  of  the  melt  when  the  thickening  agent  (soap) 
dispersed  in  the  oil  begins  to  form  a  crystalline  structure,  two 
processes  take  place  simultaneously:  the  growth  of  the  crystals 
and  the  coupling  of  the  crystalline  particles  among  themselves; 
from  a  mechanical  effect  rupture  of  the  bonds  between  individual 
dispersed  particles  (for  example,  fibers,  strings)  and  breaking 
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down  of  the  particles  themselves  into  small  particles  (shorter 
fibers  and  strings)  takes  place  in  the  condensation  structure. 

Thixotropic  structure  formation  is  a  spontaneous  process 
which  takes  place  under  isothermic  conditions;  the  thixotropic 
bonds  are  reversible,  they  are  restored  as  a  result  of  the  dis¬ 
persed  particles  (fibers,  strings)  approaching  the  distance  of 
the  effect  of  intramolecular  forces  from  thermal  movement  in  a 
liquid  medium  without  thermal  treatment. 

Commercial  lubricating  greases  have  condensation  and  thixo¬ 
tropic  structures.  After  decantation  from  the  digesters,  the 
overwhelming  majority  of  saponaceous  lubricants  have  a  condensa¬ 
tion  structure.  During  homogenization  of  lubricants  by  mechanical 
treatment  on  rollers,  in  special  homogenizers  and  other  grinding 
machines,  some  of  the  condensation  structures  of  the  elements  is 
destroyed,  the  lubricant  becomes  softer,  more  plastic  and  smoother. 
Later,  in  the  absence  of  a  mechanical  effect,  only  thixotropic 
bonds  are  formed  between  individual  particles.  But  after  homogen¬ 
ization,  some  of  the  condensation  structure  is  retained  in  the 
lubricants,  which  with  each  subsequent  mechanical  treatment  (for 
example,  during  work  of  the  lubricant  in  a  bearing)  becomes  more 
and  more  decomposed.  This  must  be  taken  into  consideration  when 
using  lubricants  in  friction  joints.  In  order  that  the  lubricant 
work  for  a  long  time  without  considerable  change,  be  well  retained 
in  bearings,  not  thrown  off  and  not  run  out  at  high  speeds,  it 
must  have  when  packed  a  sufficiently  completely  decomposed  conden¬ 
sation  structure  which  changes  little  during  further  mechanical 
treatment  and  high  thixotropic  properties. 

The  bulk  of  solid  lubricating  greases  do  not  change  into  a 
liquid  state  no  matter  how  intensive  and  prolonged  the  mechanical 
effect.  Their  thixotropic  conversions  are  manifested  outwardly 
in  a  change  in  the  strength  of  the  structure:  a  decrease  during 
mechanical  action  and  recovery  after  its  cessation. 

The  following  patterns  are  observed  during  the  destruction  of 
lubricants  from  a  mechanical  effect: 

a)  during  each  specific  mechanical  effect,  first  an  intensive 
decrease  in  the  strength  of  the  structural  skeleton  takes  place, 
then  its  relatively  slow  decrease  and,  finally,  an  equilibrium 
state  is  reached; 

b)  the  final  strength  of  a  lubricant  with  a  destroyed  struc¬ 
ture  depends  on  the  intensity  of  the  mechanical  effect  and  for 
lubricants  which  do  not  contain  surface  active  substances,  it  de¬ 
creases  with  an  increase  in  the  mechanical  effect.  The  majority  of 
commercial  lubricants  tnickened  with  the  soaps  of  natural  fats  be¬ 
haves  in  this  way; 

c)  if  a  lubricant  contains  surface  active  sabs  ancos,  a  higher- 
equilibrium  strength  can  correspond  to  a  greater  intensity  of  mech¬ 
anical  action. 

Lubricants  can  be  divided  into  three  groups  depending  n 
thixotropic  recovery: 
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1.  Completely  thixotropic  lubricants  whose  structure  is  re¬ 
stored  in  the  shortest  time.  For  example,  fatty  grease  whose 
strength  is  practically  completely  restored  after  2  h  of  rest  be¬ 
longs  among  them. 

2.  Lubricants  developing  thixotropic  "fatigue "  which  are  re¬ 
stored  slowly  at  first  and  then,  after  a  comparatively  long  time, 
intensively.  Synthetic  greases  which  contain  surface  active  sub¬ 
stances,  for  example,  belong  among  them. 

3.  Thixolabile  lubricants  which  are  restored  very  weakly  or 
are  not  restored  at  all  after  cessation  of  the  mechanical  effect. 

3.  RAW  MATERIAL  FOR  THE  PRODUCTION  hr  LUBRICANTS  AND  ADDITIVES 
FOR  LUBRICANTS 

The  following  serve  as  the  principal  raw  material  for  the 
production  of  lubricating  greases  for  different  purposes: 

1)  mineral  (petroleum)  oils  of  different  viscosities  and  de¬ 
grees  of  purity ; 

2)  hydrocarbon  thickening  agents  (petrolatums,  ceresins,  par¬ 
affine)  ; 

3)  soaps  of  fatty  acids  isolated  from  natural  fats  and  natural 
fats  themselves  of  animal  and  plant  origin; 

4)  soaps  of  synthetic  fatty  acids; 

5)  various:  products  of  chemical  synthesis  (silico-organic  li¬ 
quids,  complex  esters,  dyes,  etc.). 

In  addition,  additives  which  improve  individual  properties  or 
several  different  properties  (multifunctional)  as  well  as  oxidation 
inhibitors,  corrosion  inhibitors  and  other  components  are  intro¬ 
duced  into  lubricants. 

Mineral  Oils 

Mineral  oils  with  various  viscosity  characteristics  usually 
not  containing  additives  are  used  to  prepare  lubricating  greases 
(Table  12.5).  In  addition  mixtures  of  various  oils  and  oils  from 
light  petroleum  products  (kerosene,  T-l  fuel  oil,  etc.),  different 
substitutes  manufactured  according  to  MRTU  and  VTU  and  others  are 
used. 

The  still  residues  of  instrument  oils,  some  heavy  paraffin 
and  ozocerite  distillates,  etc.,  are  used  for  preparing  non- 
cruclal  lubricants.  Silico-organic  liquids  (silicone  oils),  com¬ 
plex  esters  and  other  products  of  chemical  synthesis  are  used  in 
the  preparation  of  Instrument  and  special  lubricants. 
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TABLE  12.5 

Oils  Used  In  the  Production  of  Lubricating 
Greases _ _  _________________ 
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20 

27  " 
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1013-49 

— 
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13 
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— 
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— 

50 
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50 
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— 
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50 
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— 
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50 
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50 

38-52 
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-15 
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2  'ilap^ioMepHO* . 
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+5 
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2  6LJnjiira.ipOBoe  Tawejioe  52 

(Banop)  . 

6411-52 

310 

— 

-5 

I  100 

44-64 

1)  Oil;  2)  GOST;  3)  temperature,  °C;  4)  flash  points,  not  below; 
5)  in  open  crucible;  6)  in  closed  crucible;  7)  pour  points,  not 
above;  8)  kinematic  viscosity;  9)  temperature,  °C;  10)  cSt;  11) 
MS-14  aviation;  12)  MS-20  aviation;  13)  MK-22  aviation;  14)  AKp- 
10;  15)  Ak-15;  16)  medical  vaseline;  17)  AU  axle;  18)  industrial 
for  high-speed  mechanisms  L  (velosite),  19)  industrial;  20)  axle 
L;  21)  perfumery;  22)  MVP  instrument;  23)  transmission  summer  au 
tomotive  (nigrol);  24)  transformer;  25)  cylinder  11  (light);  26) 
heavy  cylinder  52  (lubricating  oil  for  steam  engine  cylinders); 
27)  not  less  than;  28)  not  more  than. 


Hydrocarbon  Thickening  Agents  of  Lubricants 

Protective  lubricants  —  gun,  PVK,  SKhK,  technical  vaseline 
and  others  are  prepared  by  thickening  petroleum  oils  with  solid 
hydrocarbon  products  -  ceresins,  paraffins  and  petrolatums. 

Petro I atums 

Petrolatums  are  mixtures  (fusions)  of  petroleum  ceresins  and 
paraffins  with  residual  petroleum  oils.  They  are  marked  according 
to  method  of  purification  of  the  oils  from  which  they  are  isolated 
during  deparaffinlzatlon  (Table  12.6):  PK  -  sulfate  purification, 

PS  -  selective  and  PSs  -  selective  purification  from  sulfur 
petroleums . 

Petrolatums  of  different  compositions  are  obtained  in  dliiei 
ent  plants.  Close  in  physical  constants,  they  are  differentiated  by 
chemical  composition  and  thickening  capacity.  Petrolatums  contain 
different  amounts  of  oil  and  solid  components.  The  residual  oils 
contained  in  them  have  different  viscosity  characteristics  (Table 
12.7). 


TABLE  12.6 


Requirements  for  Petrolatum  Quality  (GOST 
4096-62) 
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•Petrolatum  PSs  which  is  supplied  for  produc¬ 
tion  of  petroleum  lubricants  and  fusions  must 
have  a  viscosity  of  not  less  than  16  cSt  at 
70°C;  that  supplied  for  wood  drying  must  have 
a  flash  point  of  not  lower  than  200°C  and  can 
contain  no  more  than  0.66%  mechanical  impuri¬ 
ties  . 

••Sand  and  other  abrasive  mechanical  impurities 
are  not  permitted. 

1)  Properties;  2)  standard  specifications  by  brand;  3)  PK;  4)  PS; 

5)  PSs*;  6)  color;  7)  light  brown;  8)  drop  point,  °C,  not  below; 
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9)  flash  point,  °C,  not  below;  10)  acid  number,  mg  of  KOH  per  g, 
not  above;  11)  water  soluble  acids  and  bases;  12)  absent;  13)  sul¬ 
fur,  %,  no  more  than;  1*0  not  standardized;  15)  phenol  content;  16) 
mechanical  impurities**,  %,  not  above;  17  water,  %,  not  above; 

18)  traces;  19)  testing  of  corrosive  effect  on  steel  and  copper 
plates  according  to  COST  5757-51;  20)  pass.  A  change  in  the  color 
of  copper  plates  and  iridescence  is  permitted. 

TABLE  12.7 


The  Composition  and  Principal  Properties  of 
Some  Brands  of  Petrolatum 
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62.5 
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1)  Quality  according  to  GOST  4096-62);  2)  manufacturing  plant;  3) 
drop  point,  JC;  4)  content  in  petrolatum,  *;  5)  of  oil;  6)  of  solid 
products;  7)  drop  point  of  solid  products,  °C;  8)  viscosity  of  oil 
(in  cSt)  at;  9)  PS;  10)  Groznyy;  11)  PK;  12)  Volgograd;  13)  PSs; 
14)  Novo-Ufa;  15)  Novokuybyshevsk  sample  1;  16)  same,  sample  2. 

TABLE  12.8 


Group  Chemical  Composition  of  Petrolatums 
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1)  Quality  according  to  GOST  4096-62;  2)  manufacturing  plant;  3) 
drop  point  of  oilless  part,  °C;  4)  group  chemical  composition,  f; 

5)  napthene-paraff in ;  6)  aromatic  7)  light;  8)  heavy;  9)  resins; 
10)  reaction  with  carbamid'  ?•  Vj  )  forming  complex;  12)  not  form¬ 
ing  complex;  13)  PS;  14)  f-  "■*;>  15)  PK;  16)  Volgograd;  17)  PS:;; 

18)  Novo-Ufa;  19)  Novokuyb 


Petrolatums  differ  ;ons J derably  in  oil  content  (from  7  to 
38$)  and  in  drop  point  which  depends  chiefly  on  the  drop  point  of 
the  solid  hydrocarbons  contained  in  them  (see  Table  22.7). 

The  group  chemical  composition  of  petrolatums  is  presented  in 
Table  12.8. 

Ceres  I  ns 

Ceresins  are  obtained  from  the  digestion  and  purification  of 
ozocerite  or  a  "paraffin  plug"  as  well  as  from  the  deoiling  of 
petrolatum.  They  are  widely  used  in  technology  mainly  as  a  compon¬ 
ent  of  hydrocarbon  and  certain  saponaceous  lubricants  as  well  as 
of  various  cements  and  packing  materials.  Since  ceresins  are  con¬ 
tained  in  petrolatums  they  naturally  are  a  part  of  all  petrolatum 
lubricants  (CKhK,  technical  vaseline),  although  they  are  not  spe¬ 
cially  introduced  into  them. 

Commercial  ceresln  is  a  wax-like  uniform  white  or  light  yellow 
material  without  noticeable  mechanical  inclusions  with  a  character¬ 
istic  fine-grained  cross-section.  Upon  examination  in  a  polariza¬ 
tion  microscope,  ceresins  are  composed  of  needle-like  crystals,  in 
an  electron  microscope  (X  10,000-13,000)  it  is  seen  that  they  are 
an  aggregation  of  regular  rhomboid  pyramids  and  each  layer  of  these 
pyramids  is  made  up  of  one  row  of  molecules  (see  Fig.  12.1,  g). 

Ceresins  Isolated  from  petroleums  and  ozocerites  of  different 
origins  are  a  complex  mixture  primarily  of  naphthene  hydrocarbons 
which  belong  among  mono-,  di-  and  tricyclic  compounds  with  straight 
and  branched  side  chains.  The  amount  of  aromatic  hydrocarbons  in 
ceresins  isolated  from  ozocerites  is  small  (3-5*)  since  commercial 
ceresin  is  obtained  by  sulfate  purification  during  which  aromatic 
hydrocarbons  are  removed. 

Commercial  ceresins  of  different  origin  (Table  12.9)  manufac¬ 
tured  by  Industry  differ  considerably  among  themselves  in  phys-cal 
properties,  hydrocarbon  content  of  different  group  composition  and 
in  structure.  In  addition  to  the  ceresins  presented  in  Table  12. 9 » 
a  high-melting  ceresin  of  grades  85  and  87  (with  a  drop  point  of 
no  lower  than  85  and  87°C,  respectively)  is  prepared  for  special 
high  quality  lubricants.  It  i^  produced  by  extraction  (extraction 
ceresin)  or  vacuum  distillation  (vacuum  ceresin  of  part  of  the  low- 
boilir.g  hydrocarbons  contained  in  ceresin  of  grades  75  or  80. 

Extraction  ceresin  of  grade  87  has  a  considerably  greater 
thickening  capacity  than  vacuum  ceresin  of  the  same  grade, 

Ceresins  also  differ  lr.  dependence  c.n  sites  of  the  raw  mater¬ 
ial.  For  example,  ceresin  prepared  from  ozocerite  from  the  Shor-Su 
deposit  is  called  shorsinsk  and  that  from  ozocerites  of  the  Boris- 
lavskiy  deposit  -  bori^lavsk. 

Ceresin  is  also  prepared  from  a  paraffin  plug  deposited  on 
the  walls  of  pipes  through  which  petroleum  passes  and  in  vessels 
in  which  petroleum  rich  in  paraffin  and  ceresin  is  stored.  Groe- 
nyy  ceresin  of  three  grades,  67,  75  and  80  has  been  produced  ac¬ 
cording  to  TS  293-^9- 
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TABLE  12.9 


The  Quality  of  Ceresins  Used  for  Preparing 
Lubricating  Greases  (Standards) 


1 

Mtpt*  mwi 

2 

rocr in 
TY 

3 

1 

i 

■p*  U*C 
■  iirtim* 

'Ur 

$ 

‘is?- 

*  U*«M0 

57  fe'tfft  • 

7rocT 

3450-47 

57 

so 

045 

57  MMTHt  • 

57 

50 

04# 

57  MMTMft  4 

07 

so 

048 

75  wiimI  4 

75 

IS 

04» 

M  mind  4 

l  > 

SO 

15 

045 

»»  rpOMEMOUB 

TV  205—49 

57 

S5 

0.20 

75 

75 

25 

048 

so 

50 

20 

0.28 

i  2  Cummuil 

50 

TOOT 

7555-55 

VO 

16 

0,20 

91 

03 

16 

0,20 

too 

100 

16 

0.20 

1  4  KokAMCATOpWtft 

100 

IS 

0.05 

l  .  Am  xocitmmcKsx  q»- 

*•« 

1  SBTy 

57 

048 

400-5) 

1)  Brand  of  ceres In;  2)  GOST  or  TS;  3)  drop  point,  °C  not  below; 
*4)  penetration  depth  of  needle  at  25°C  and  a  stress  of  100  gf  ac¬ 
cording  to  GOST  2 '100-51,  not  more  than;  5)  acid  number,  mg  of  KOH 
per  g,  not  more  than;  6)  ceresin;  7)  GOST;  8)  white;  9)  yellow; 
10)  Groznyy;  11)  TS  293-^9;  12)  synthetic;  13)  condenser;  1*0 
for  cosmetic  purposes;  15)  VTU. 


Synthetic  ceresins  obtained  as  a  side  product  in  the  produc¬ 
tion  of  gasolines  from  carbon  monoxide  and  hydrogen  are  sometimes 
added  to  natural  ceresins  to  increase  their  melting  point.  Low- 
melting  ceresin  67  is  used  in  the  cosmetic  industry. 

Paraffins 

Paraffins  obtained  from  petroleum  as  a  special  product  are 
hardly  used  in  lubricating  greases  but  are  oxidized  for  the  pur¬ 
pose  of  preparing  synthetic  fatty  acids  (see  p.  796)  or  are  used 
for  otner  purposes.  They  are  part  of  petrolatums  and  are  contained 
in  all  petrolatum  lubricants.  The  principal  properties  of  commer¬ 
cial  paraffins  (GOST  78*1-53)  and  of  synthetic  paraffin  (VTU  NP 
^ 71— 5 ^ )  are  presented  in  Table  12.10,  and  the  properties  cf  petro¬ 
leum  paraffin  used  for  synthesis  (oxidation)  are  given  in  Table 
12.11. 

Fats  and  Fatty  Acids 

Both  free  fatty  acids  and  those  bound  in  the  form  of  glycerin 
esters,  mainly  natural  fats,  are  used  in  the  production  of  sapona¬ 
ceous  luor?  eating  greases.  However,  in  the  USSR  the  use  cf  natural 
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fats  and  the  fatty  acids  obtained  from  them  has  almost  completely 
ceased  in  the  last  ten  years  as  a  result  cf  the  development  of 
the  petrochemical  industry  which  produces  lubricants  from  synthetic 
fatty  acids.  Natural  fats  and  the  fatty  acids  i  otained  from  them 
are  used  in  comparatively  small  amounts  for  preparing  low-tonnage 
lubricants  which  have  not  yet  been  replaced  by  lubricants  from 
synthetic  products  or  which  there  is  no  special  need  to  replace. 

For  example,  technical  stearin,  castor  and  cottonseed  oil,  oleic 
acid,  hydrogenated  fat  obtained  from  plant  oils  as  well  as  various 
waste  products  from  the  digestion  of  fats  in  the  food  industry  arc 
still  used  for  preparing  certain  lubricants. 

Of  the  plant  oils,  cottonseed  and  castor  oils  are  the  most  im¬ 
portant,  but  sunflower  oil  and  others  can  al3o  be  used. 

TABLE  12.10 

The  Properties  of  Commercial  Petroleum  Paraffins 


Note.  Paraffins  should  not  contain  water  soluble 
acids  and  bases  as  well  as  mechanical  impurities 
and  water. 

i)  Properties;  2)  paraffins;  3)  technical  highly  purified  brands; 

*0  technical  purified  brands;  5)  C;  6)  0;  7)  unpurifled  (match); 

8)  synthetic;  9)  external  appearance;  10)  white  crystalline  mass; 
11)  yellow  crystalline  mass;  12)  light-yellow  crystalline  mass; 

13)  from  glass;  1*0  color,  mm,  not  less  ^han;  15)  not  standardized; 
16)  color  stability:  does  not  relic-*  ir.  scattered  daylight  for, 
days;  17)  melting  point  ”C,  not  below;  18)  oil  content,  S,  not  more 
than . 
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TABLE  12.11 


Properties  of  Paraffin  Used  in  Petrochemical 
Synthesis 


1  nOKklaTNUI 


3  Butmrat  bk£ 


5  Saocx 


7  I^bbt,  oupejonaoMafi  co  ctbkaom  JnS  2, 

mm,  ae  6o.iee . 

s  TcMiepaiypa  naanaemca,  “C  .  .  . 

9  Coaepmaane  uacna,  %,  ne  6oac-e  .  . 
l  o  TcMnepaiypa  Bcnumxu  (d  aanpuTOU 

Torac),  °C,  ue  miwe . 

l  l  MaxanusccKue  npiwecsj,  cojopacTBO- 

Jniiiic  HBcaoTu  n  n;eaoan,  a  Taxwe 

eaoa . 

l  3  Ccpa,  %,  nc  Cojjm . 

1  9  Bona . . . 


2  HopKM 


^KpncTa.iamccKaa  vacca  6e~oro 
mm  6eaoro  co  caenw  acearoaanni 
onesKOM  BBBTa 

6  OrcyTCTcr®  '"-leraBno  RMpawearao- 
ro  aanaxa  npojyicroB  pasaowaua 
napa$aaa 

70 

52-54 

23 

160 


120lCyTC!BB* 

0,05 

l  sobbak 


1)  Properties;  2)  s  andard  specifications;  3)  external  appearance; 
4)  white  crystalline  mass  or  white  with  slight  yellowish  tinge;  5) 
smell;  6)  absence  of  clearly  expressed  smell  of  paraffin  decomposi¬ 
tion  products;  7)  color  determined  with  glass  No.  2,  mm,  no  more 
than;  8)  melting  point,  °C;  9)  oil  content,  %>  no  more  than;  10) 
flash  point  (in  closed  crucible),  °C,  not  below;  11)  mechanical 
impurities,  water  soluble  acids  and  bases  as  well  as  phenol;  12) 
absent;  13)  sulfur,  J,  no  more  than;  14)  water;  15)  traces. 


Cottonseed  oil  is  obtained  from  cotton  seeds.  It  consists 
mainly  of  un3aturated  fatty  acids,  but  can  contain  up  to  25%  sat¬ 
urated  fatty  acids.  Its  density  is  0.918-0.932  and  its  pour  point 
is  about  3°C.  Industry  manufactures  a  refined  oil  used  mainly  for 
food  purposes  as  well  as  an  unrefined  oil.  Both  these  types  of 
oil  can  be  of  the  highest,  first  and  second  grades  which  differ  in 
acid  numbers  (GOST  1128-55).  The  acid  number  of  unrefined  oil  of 
the  highest  grade  is  no  more  than  4,  of  the  first  grade  -  no  more 
than  7  and  of  the  second  -  no  more  than  14  mg  of  KOH  per  g.  The 
saponification  number  is  190-200,  the  flash  point  is  not  below 
225°C;  the  iodine  number  is  101-116.  The  content  of  unsaponifiable 
substances  should  not  be  more  than  0.1-0. 2%. 

Cottonseed  oil,  like  sunflower  oil  is  easily  hydrogenated  to 
obtain  a  hydrogenated  fat. 

Sunflower  oil  is  obtained  from  sunflower  seeds  by  pressing  or 
extraction.  Depending  on  the  method  of  treatment,  it  is  divided  in¬ 
to  three  types;  refined,  hydrated  and  unrefined;  refined  oil  can  be 
neutralized  and  deodorized  and  neutralized  and  undeodorized;  hydra¬ 
ted  oil  is  divided  into  first  and  second  grades  depending  on  the 
quality  indices;  unrefined  oil  is  divided  into  three  grades  -  high¬ 
est,  first  and  second.  All  types  and  grade  of  oil,  except  second 
grade,  obtained  by  pressing  as  well  as  by  extraction,  but  neutral¬ 
ized  and  deodorized  are  used  for  food  purposes.  The  other  grades 
of  oil  are  used  for  technical  purposes.  Sunflower  oil  consists  of 
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unsaturated  fatty  acids:  linoleic  (up  to  65*)  and  oleic  (up  to 
30-40*),  and  it  contains  up  to  10*  saturated  fatty  acids. 


It  has  the  following  basic  properties: 


Density,  g/cm* 

Pour  point,  °C 
Plash  point,  °C,  not  below 
Saporification  number, 
mg  KOH  per  g 

Acid  number,  mg  KOH  per  g, 
not  more  than 
highest  grade 
first  " 

second  ” 

Iodine  number 


0.927-0.920 
about  -17°  C 
225 

.  185-194 


1.5 

2.25 

6.0 

119-14 4 


Castor  oil  is  mainly  used  for  preparing  lubricants  1-13  (fat¬ 
ty)  and  1-LZ,  as  well  as  various  gasoline-resistant  and  oil-resist¬ 
ant  lubricants.  It  can  serve  as  a  base  for  the  production  of  sodium 
and  potassium  soaps  or  is  added  to  lubricants  in  the  form  of  an  ad¬ 
ditive  to  increase  the  lubricating  and  other  performance  proper¬ 
ties.  It  is  obtained  fi’om  castor  plant  seeds.  It  consists  mainly  of 
glycerides  ol  ricinoleic  acid;  it  dissolves  well  in. aromatic  hy¬ 
drocarbons  (benzene,  toluene)  and  ethyl  alcohol,  but  is  poorly  sol¬ 
uble  in  gasoline  at  low  temperatures.  Its  solubility  in  gasoline 
increases  with  an  increase  in  temperature.  For  example,  at  0°C 
3-4*  of  the  oil  dissolves  in  gasoline,  while  at  20°C,  10-12*.  Gas¬ 
oline  dissolves  well  in  castor  oil:  at  0°C  up  to  35*»  and  at  20°C 
up  to  47-50*  (according  to  Panyutin  and  Rappoport).  Up  to  25*  cas¬ 
tor  oil  dissolves  In  mineral  (petroleum)  oils  rich  in  aromatic 
hydrocarbons,  while  not  more  than  0. 5-1-0*  dissolves  In  oils  with 
a  paraffin  base.  No  more  than  1*  castor  oil  dissolves  in  well  puri¬ 
fied  aviation  oils.  The  solubility  of  castor  oil  Increases  with  an 
increase  in  the  temperature  and  viscosity  of  mineral  oil.  Depending 
on  the  method  of  treatment  unrefined  and  refined  technical  castor 
oil  is  produced  (Table  12.12). 

The  splitting  off  of  ricinoleic  acids  occurs  during  the  oxida¬ 
tion  of  castor  oil  and  saturated  aldehyde  enantone  and  unsaturated 
undecylenic  acid  CiiH2e02  as  well  as  normal  valeric  acid,  dicar- 
boxylic  acids ;1  etc.  are  formed.  The  oxidation  product  has  a  speci¬ 
fic  viscosity  of  9- 0-9. 5  at  100°C,  an  acid  number  of  not  more  than 
20  mg  of  KOH  per  g,  and  a  pour  point  of  no  higher  than  20°C.  It  is 
used  in  gasoline-resistant  lubricating  greases:  pump.  No.  54,  BU 
and  others  since  it  is  comparatively  a  difficult  soluble  in  gas¬ 
oline,  ligroin,  petroleum  oils  as  well  as  in  water. 

Rapeseed,  soybean,  palm  (coconut)  and  olive  oils  whose  tech¬ 
nical  indices  are  presented  in  Table  12.13  can  also  be  used  in  the 
production  of  lubricants. 

Animal  fats  -  beef,  horse,  pig,  sperm  whale  and  others  are 
used  as  raw  material  for  the  production  of  saponaceous  lubricating 
greases.  Sperm  whale  fat  is  used  as  a  softening  agent  in  munition 
lubricants.  The  composition  and  technical  indices  of  animal  fats 
are  presented  in  Table  12.14.  Sperm  whale  fat  is  separated  into 
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cavity  (sperm)  fat  obtained  from  the  head  of  the  whale  and  body 
fat.  To  improve  the  quality  of  marine  animal  fat,  it  is  subjected 
to  hydrogenation  or  sulfuring.  Sulfured  sperm  whale  fat  is  used  in 
lubricant  TsIATIM-203  intended  for  work  at  high  loads. 

TABLE  12.12 


Quality  of  Technical  Castor  Oils  According  to 
QOST  6757-53 


1 

2  Pa^BaapoBaacoa 

s 

Hepatoma- 

nomuTMi 

1-fl  copi 

3 

2-1  copr 

4 

pOMHKOe 

6  naoTHoert,  tjej**  . 

0,947-0,970 

__ 

7  VCJSODH £H  BJUKOCTt,  H!9  KaHee: 

8  non  50®  C . 

17.2 

— 

— 

»  80®  C . 

3.2 

— ■ 

9  Teunepavypa  acnanmai,  °C: 

240 

275 

10  1  SBKpUTOM  TBTje . 

11  1  OTSpHTOM  TjrrjTC,  BO  MStf  .  . 

1  2  TemepaTypa  aacniBaaM,  ®C  .  .  .  . 
i  3  KncJiOTHoe  too,  ms  KOH  na  1  a, 

-16,0 

He  donee  . 

1,6 

30 

50 

1  4  Horace  ancao  (no  norao-piyinoiiy 

lieTony)  •  .  .  . . . 

1  s  Hncno  ouwiemiH.  ms  KOH  na  1  a 

X  6  Heoiiu  ineuue  BemecTBa,  %,  ne  donee 

1 7  PacTPoptuiocn.  a  paartcx  o6vue 

82-88 

176-186 

1,0 

96%-Horo  anuioacro.  cnapTa  .  .  . 

1 3  MoHepanbHue  xac«aui  a  meaovi  .  . 

2  o  1  suonaan 

OTcyTC'/BHe  J  2  1  Cmah 

2  2  MexaHineciuie  npnaecn  . 

2  o  OrcyTCTBae 

— 

2  3  OrcTOfl  no  aecy,  %,  ae  6oaee  .  .  . 

2  0  OTCyTCTBHO 

02 

2  4  3ontHocTb,  %,  hp  5oaee . 

0,008 

— 

— 

2  5  Bona  *  neTyane  sem^cTsa,  %,  ne  6o- 

025 

0.25 

OS 

aee . . . 

1 

1)  Properties;  2)  refined;  3)  1st  grade;  4)  2nd  grade;  5)  unre¬ 
fined;  6)  density,  g/cm3;  7)  specific  viscosity,  not  less  than; 

8)  at;  9)  flast  point,  °C;  10)  in  closed  crucible;  11)  in  open 
crucible,  not  less  than;  12)  pour  point,  °C;  13)  acid  number,  mg 
KOH  per  g,  not  more  than;  14)  iodine  number  (by  iodine-mercury 
method);  15)  saponification  number,  mg  KOH  per  g;  16)  unsaponifi- 
able  substances,  l}  not  more  than;  17)  solubility  in  equal  volume 
of  96J&  ethyl  alcohol;  18)  complete;  19)  mineral  acids  and  bases; 
20)  absent;  21)  traces;  22)  mechanical  impurities;  23)  residue  by 
weight,  %,  not  more  than;  24)  ash  content,  %,  not  more  than;  25) 
water  and  volatile  substances,  %,  not  more  than. 


Stearic  acid  CH3 (CH2 ) 16COOH  is  a  saturated  organic  acid  of 
the  fatty  series  with  a  normal  structure;  mol.  wt.  is  284.47;  den¬ 
sity  about  0.92  g/cms  ( 0 . 8 5  at  70°C),  m.p.  69.3°C;  b.p.  360°C 
(with  decomposition)  or  291°C  at  100  mm  Hg  column.  Solubility:  in 
100  parts  by  weight  of  water  -  0.03  part  by  weight  at  25°C;  in  100 
parts  by  weight  of  ethyl  alcohol  -  2.2  parts  by  weight  at  0°C;  in 
100  parts  of  weight  of  ethyl  ether  -  6  parts  by  weight  at  0°C;  in 
chloroform  -  complete.  Together  with  other  fatty  acids  (palmitic 
oleic),  it  is  part  of  natural  fats  in  the  form  of  glycerin  esters. 
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TABLE  12.13 


Quality  of  Plant  Oils 


1 

2  lUeae 

1  ..  ...  . 

nOKIHTttll 

3 

5 

■ — l - 

DfelMOSOe 

on*  am* 

eoeaat 

oiHSKoaoe 

7  riaoTHOcn.  opt  15*  C. 

»/»'  •  •  . . 

0,921-0,925 

0,911-0,931 

0,922-0.934 

0414-0420 

8  BMKOCTb  npi  50°  C,  can 

9  IToKaaaTon  DpeaoMMiu 

—• 

59-71.7** 

384 

ap*  20*  C . 

1,453- 

1455* 

1.471—1472 

1,474—1478 

1468-1471 

i  o  Teunept,Tvpa  ucnoi* 
HI*,  *C . 

23-28 

— 

‘bs 

2  8  2  7 

Or  0  ao  —8 

1  1  KECJJ0THO6  UUO,  Ml 

2  5 

r  KOH  h«  1  « . 

1  2  MHCJIO  OIOU8HU,  Ml 

2-10 

He  sume  8 

44-84 

04-64 

KOH  xa  1  * . 

250-264 

168—18! 

189-195 

185-200 

*  3  lloflHoe  acts  ..... 

8-10 

94-115 

120-141 

73-88 

1 1»  Thtp,  *C . 

l  5  Corns,  mr.  %: 

|  38-47 

14-25 

17-27 

i  6  Hbom unneme  xichotu 

'  0,2-14 

2  Tflo  1,6 

2  Wlo  2 

G4-2 4 

04-84 

1  7  crecpHDCB**  .... 

2»0— 8t5 

44-73 

84-74 

j  6  oaibMiTraoBa*  .  . 

32-47 

*>0 — 45 

24-64 

74-154 

1  9  MBpHCTBSOSaS  .  .  . 

1—4,5 

2  7(flO  17) 

0.1-04 

2  o  oaeHHOBt* . 

39-51 

15-32 

23-29 

84-88 

2  i  jurao*eaa* . 

5-11 

15-21 

51-57 

4-14 

7  7  iHEoaeHOBa*  .... 

— 

2  7flO  10 

8—8 

2  3  apyxosa*  . 

— 

38-5 

— 

2  4  aaypnosa*  .... 

45-51 

*** 

*At  40° C. 

**At  20°C . 

1)  Indices;  2)  oil;  3)  palm;  4)  rapeseed;  5)  soybean;  6)  olive; 

7)  density  at  15°C,  g/cm2;  8)  viscosity  at  50°C,  cSt;  9)  index 
of  refraction  at  20°C;  10)  pour  point,  °C;  11)  acid  number,  mg 
KOH  per  g;  12)  saponification  number,  mg  KOH  per  g;  13)  iodine 
number;  14)  titer,  °C;  15)  composition,  X  by. mass;  16)  unsaponl- 
fiable  acids;  17)  stearic;  18)  palmitic;  19)  myristic;  20)  oleic; 
21)  linoleic;  22)  linolenic;  23)  erucic;  24)  lauric;  25)  not  above 
26)  from;  27)  to. 
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TABLE  12.14 


Quality  of  Animal  Fats 


1 

S  KklUnOTOIMt 

1 

2 

1  3 

4 

IToMuma 

.rOMXKBi 

1  CiinoS 

KdhchhI 

ryjiome 

7  BUi 

I 

6  aoa 

a  Il/ioiHccTfc  npa  15*  C,  if  cm* 

0,925- 

0,915- 

0,916- 

t 

0,375- 

Oxoao 

0,953 

0,938 

0,922 

0J80 

060 

9  Bh3kocti»  np&  45*  C,  ccm 
l  o  floxaaaTeab  npejiOMAenaa 

39,3 

25** 

— 

— 

— 

npa  40*  C . 

1.454- 

1458— 

— 

1,454- 

1464* 

1,459 

1,461 

1458 

1  2  Tauueparypa  aacTUBeaaa, 

15-20 

•C . 

30-38 

22-32 

22-37 

7-15 

l  3  Thtp,  *C . 

38-48 

2  6-9 
fto  16) 

Oroao 

n10 

l  4  KncJJOTHO*  apcao,  mi  KOH 

2  9 

2  &e  6o- 

■alt . 

— 

He  6o- 

— 

34-4,0 

see  22 

aee  2—3 

l  5  Vncjio  oswJieHBa,  mi  KOH 

aa  1  t . 

190—200 

193-203 

193-200 

120-150 

132-163 

l  6  HoflFoe  ncuo . 

32-47 

42-66 

71-86 

62-93 

85-123 

i  7  AaaTHJibHoe  iacao  .... 

2, 7-8, 6 

2'6 

VA<0  AO 

— 

Okojio  11 

l  8CocTaa,  Mac.  %: 

2  8 

i  i 

l  9  GeouuaaeMue  ..... 

flo  1,0 

— 

32-45 

25-30 

0.5 

2  o  Kacaoni 

3&3AU 

2  i  cTfapaHOBaa  .  .  . 

24-29 

8-16 

7 

2,0 

2  2n»ItbMDTHHOBaS  .  . 

27-20 

24-32 

29 

8,0 

6  JO 

2  3  MnpacTBBOBaa  .  .  . 

2-2,5 

(AO  8) 

■ff  l’° 

““ 

14.0 

16,0 

M> 

16 

2  ‘♦JiaypBFOEttH  .... 

2  8  — 

Okojio 

— 

0,1 

2  8 

2  5oaeaaoBaa  .... 

43-49 

37-44 

55 

flo  37 

2  6jiEHoaesaa  .... 

2-5 

7 

-  • 

2  7flnnoJieaoBaa  .  .  . 

0.2-0, fl 

4 

— 

> 

•At  20°C . 

••At  50° C. 

1)  Indices;  2)  beef;  3)  pig;  4)  horse;  5)  sperm  whale;  6)  cavity; 
7)  body;  8)  density  at  15°C,  g/cm3;  9)  viscosity  at  45°C,  cSt; 

10)  refractive  index  at  40°C;  11)  about;  12)  pour  point,  °C;  13) 
titer,  cC;  14)  acid  number,  mg  KOH  per  g;  15)  saponification  num¬ 
ber,  mg  KOR  per  g;  1 6)  iodine  number;  17)  acetyl  number;  18)  com¬ 
position,  %  by  mass;  19)  unsaponifiable;  20)  acids;  21)  stearic; 
22)  palmitic;  23)  myrlstic;  24)  lauric;  25)  oleic;  26)  linoleic; 
27)  lenolenic;  28)  up  to;  29;  not  more  than;  30)  traces. 


Stearin  -  technical  stearic  acid  -  contains  an  admixture  of 
palmitic,  oxystearic  and  isoleic  acids.  A  semi-transparent  solid 
mass  of  white  or  yellowish  color,  it  is  fatty  to  the  tcucr.  It  Is 
obtained  from  a  mixture  of  fatty  acids  which  form,  in  the  splitting 
of  animal  fats  and  plant  oils  by  distillation  and  pressing.  Stear¬ 
in  is  manufactured  as  1)  two  grades  of  distilled;  each  grade  is 
produced  as  pressed  and  unpressed  (the  latter  3s  manufactured  from 
plant  oils)  and  2)  undistilled.  First  grade  distilled  stearin 
should  be  white,  2nd  grade  can  be  white  or  slightly  yellowish,  dis¬ 
tilled  stearin  in  a  melted  state  should  be  completely  transparent. 
Undistilled  stearin  is  brown,  in  melted  form  it  is  turbid.  Stearin 
is  produced  in  the  form  of  slabs,  blocks  and  plates. 
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TABLE  12.15 


Requirements  for  the  Quality  of  Stearic  Acid 
by  GOST  6484-53 


2  Crcapnn  sncrajiflnpOMamt 

7 

1 

nosuMTan 

3  1*1  eopr 

4  J-t  OO pT 

Cuapaa 

aapoMH- 

5 

npoceo- 

MHUHl 

{. 

aeoptceo- 

uutiui 

s 

npoeeo- 

tan  lit 

6 

WBgW- 

0  Tejaaopaiypt  3acTuaann, 

52 

°C,  ne  ante . 

9  y hcjio  GiiwaeHBUt,  At  KOH 

52 

1 

5C 

:■ :  49 

52 

Ha  1  « . 

200-212 

198-212 

200-212 

198-212 

194-201 

1  o  Kbcbotboo  hhcjio,  mi  KOH 

HA  1  ( . 

198-210 

198—210 

198-210 

198-210 

182-196 

i  l  Mniiepa;ibBue  xicaoTH  ■ 

uexanHtccxne  rpExeci. 

1 3Q  T  C  V  T  C  TIB# 

82 

1  2  Hoahob  hbcso,  m  6mm 

18 

1  28  | 

1  32  | 

1  « 

1 HeftTpaAbHud  Harp,  %  m 

M 

6oaoe . , 

1  l  30t  cyicT»a* 

l  5  Heomuifleuue  itmpcnt,  %, 

1 

04 

OS 

ae  6mm . 

0.2 

0,2 

04 

1  6  30JIbH0CTb,  %,  se  6mm 

0r02 

0.C2 

0432 

0,02 

0M 

1  7  ne  00.7M  .  .  .  . 

0.2 

0  2 

0,2 

04 

M 

1)  Indices;  2)  distilled  stearin;  3)  1st  grade;  4)  2nd  grade;  5) 
pressed;  6)  unpressed;  7)  undistilled  stearin;  8)  pour  point,  °C, 
not  below;  9)  saponification  number,  mg  KOH  per  g;  10)  acid  number, 
mg  KOH  per  g;  11)  mineral  acids  and  mechanical  impurities;  12)  io¬ 
dine  number,  not  more  than;  13)  absent;  14)  neutral  fat,  %  not  more 
than;  15)  unsaponifiable  substances,  %t  not  more  than;  16)  ash  con¬ 
tent,  %,  not  more  than;  17)  water,  %,  not  more  than. 


Distilled  stearin  is  used  in  the  production  of  lubricating 
greases  of  high  quality  including  lithium,  aluminum,  lead  and 
others,  as  well  as  in  the  soap  making,  textile,  paper,  and  rubber 
industries;  undistilled  stearin  is  used  in  the  metal  working  in¬ 
dustry.  The  technical  requirements  for  technical  stearic  acid  are 
presented  ir.  Table  12.15. 

12-Occyetearia  acid  CH$  (CHj )  sCH0H(CH2 )  i  oCOOH  is  formed  as  the 
result  of  the  hydrogenation  of  castor  oil  (ricinoleic  acid)  with 
subsequent  saponification  of  the  hydrogenated  product  and  decc 
position  of  the  soap  obtained  with  acid.  Oxystearic  acid  is  isola¬ 
ted  from  the  obtained  mixture  of  fatty  acids  by  distillation.  This 
product  is  also  known  under  the  name  of  "oleowax  A."  Its  pour 
point  is  not  below  85°C,  acid  number  is  not  more  than  1.2  mg  of 
KOH  per  g,  iodine  number  is  not  more  than  17. 

Teohnioal  hydrogenated  fat  (VTU  RSFSR  739-63)  is  the  product 
of  the  hydrogenation  of  platn  oils  during  which  the  glycerides  of 
unsaturated  acids  (for  example,  oleic)  change  into  glycerides  of 
saturated  acids  and  the  liquid  products  are  converted  into  solids 
Its  pour  point  is  40-54°C,  acid  number  5-9  mg  KOH  per  g,  iodine 
number  31-65-  Hydrogenated  fat  is  widely  used  in  the  production  of 
various  saponaceous  lubricants  to  obtain  sodium,  calcium  and  other 
saponaceous  thickening  agents. 
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TABLE  12.16 


Requirements  for  the  Quality  of  Oleic  Acid  by 
GOST  7580-55 


1 

noxtatTMi 

i 

SUpKB 

A 

B 

3  B 

Texinspatypa  sacTHBamw,  ®C,  w  mm> 

i 

me  . 

10 

16 

U 

TcMnepaiypa  aacTUBAHn*  am  1  oj*- 

nan,  coaepwamero  so  10% 
iiobhjc  xucaoT,  %,  He  ewve  .  .  . 

11 

TennepaType  caMopaaorpeitaut  *,  *C. 
He  faiee:  a 

• 

1  8 

7oo  hcwwhm  1  n . 

100 

100 

Ho  iopue> 

pyeTc# 

»  1,5  . 

102 

102 

lie8  Hopiu- 

Ho.iHoe  ijicao . . 

80—90 

80-105 

Mnc.io  oMtuieaaa,  xt  U0H  hi  i  t 

185-200 

185-200 

pyerur 

175-210 

Kiic.noTuoe  'ihcjjo,  ms  KOH  m  1  a 

l 

185-200 

185-200 

He  xesee 
15  175 

SKnptnie  xhcootm  b  Oeanosflo*  npo- 

syKTo,  %,  ne  Meaee . 

Cyuna  wnpmx  H  15%  BajrreHoaia 

" ■* 

85 

92 

XIICJIOT  B  0O3BOAROM  OpOSyKTB,  %, 

ho  Menee  . . 

85 

HeotniseHHue  n  tmouuntieum  seme- 

CT88,  %,  ae  fan#  . . 

3ohbboctb,  %,  He  faiee . 

3,5 

3.5 

6.S 

0.1 

0.1 

9.2 

MHHepaobuue  xhchoth . 

2  0  OTCVTCTBM 

i 

Boss,  %,  HC  fane . 

OS 

0,5 

|  0* 

•"Self-heating  temperature  is  standardized  only 
for  olein  used  in  the  textile  industry. 

1)  Indices;  2)  brand;  3)  C;  4)  pour  point,  °C,  not  above;  5)  pour 
point  for  olein  containing  up  to  10<  naphthenic  acid,  J,  not  above; 
6)  self-heating  temperature,*  °C,  not  more  than;  7)  in  the  course 
of  1  h;  8)  h;  9)  iodine  number;  10)  saponification  number,  mg  KOH 
per  g;  11)  acid  number,  mg  KOH  per  g;  32)  fatty  acids  in  anhydrous 
product,  %,  not  less  than;  13)  sum  of  fatty  and. 15*  naphthenic 
acids  in  anhydrous  product,  J,  not  less  than;  14)  unsaponified  and 
unsaponif Table  substances,  %„  not  more  than;  15)  ash  content,  %, 
not  more  than;  16)  mineral  acids;  17)  water,  not  more  than;  18) 
not  standardized;  19)  not  less  than;  20)  absent. 


Oleic  acid  CH j(CH2) 7CH*CH(CH2 ) 7COOH  is  an  unsaturated  mono¬ 
basic  fatty  acid;  in  the  form  of  glycerides  it  is  part  of  many  li¬ 
quid  and  solid  fats;  linseed,  olive,  cottonseed,  almond,  sunflower, 
coconut  (palm)  oils,  lard,  etc.  Oleic  acid  is  isolated  from  the 
mixture  of  acids  obtained  from  saponification  of  fats  in  the  form 
of  its  lead  salt,  soluble  in  ether.  The  melting  point  of  the  acid 
is  about  l4°C,  the  boiling  point  is  223°C  at  10  mm  Hg  column,  the 
density  is  0.898  g/cm*  at  1JJ°C.  The  specifications  for  the  cuality 
of  technical  oleic  acid  (olein)  are  presented  in  Table  12. lo. 

Technical  olein  is  subdivided  according  to  method  of  produc¬ 
tion  into  pressed,  obtained  after  crystallization  of  a  mixture  of 
fatty  acids  and  the  removal  of  solid  fatty  acids  from  them  by  press- 
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ing  in  hydraulic  presses  and  unpressed,  produced  mainly  from  fatty 
acids  of  plant  ells  without  their  separation  by  crystallization 
and  subsequent  pressing.  In  addition,  technical  olein  can  be  dis¬ 
tilled  and  undistilled  (sapenificate ) ,  According  to  qualitative 
characteristics,  independently  of  the  method  of  preparation,  three 
brands  of  technical  olein  are  produced:  A,  B  and  C.  Brand  C  olein 
in  the  form  of  undistilled  fatty  acids  of  cottonseed  and  sunflower 
oils,  as  well  as  distilled  fatty  acids  of  coriander  oil  is  supplied 
only  to  enterprises  of  the  tire  industry.  Brand  A  olein  intended 
for  the  textile  industry  contains  up  to  15% »  and  for  the  mining  in¬ 
dustry  up  to  10%  distilled  naphthenic  acids  which  must  be  taken  in¬ 
to  account  in  using  olein  in  the  production  of  lubricants. 

The  color  of  distilled  olein  of  all  brands  is  from  yellow  to 
light  brown,  the  color  of  undistilled  brand  C  olein  is  from  yellow 
to  dark  brown.  Melted  anhydrous  olein  of  brands  A  and  B  is  trar „• 
parent.  Olein  should  not  have  an  unpleasant  smell. 

Waxy  products  -  are  mixtures  of  various  waxes  which  in  turn 
are  mixtures  of  esters  of  high  molecular  weight  fatty  acids  and 
monoatomic  higher  alcohols  of  various  origin.  Among  them  are  bees¬ 
wax,  wool  wax  (fatty)  and  montan  wax.  Montan  wax  has  received  the 
greatest  distribution  as  saponifiable  raw  material  for  the  prepar¬ 
ation  of  heat-  and  moisture-resistant  lubricants,  chiefly  lithium 
and  aluminum.  It  goes  into  some  lubricants  as  a  thickening  compon¬ 
ent  without  saponification. 

Montan  wax  is  the  product  of  the  distillation  or  extraction  of 
bituminous  brown  coals  with  organic  solvents.  It  contains  free  and 
bound  (in  the  form  of  esters)  montanic  and  carboceric  acids  with 
considerable  admixtures  of  resins  and  other  compounds.  Montan  wax 
is  widely  used  abroad  and  is  beginning  to  be  used  here  as  unsaponi- 
fiable  and  saponifiable  raw  material  for  the  preparation  of  lubri¬ 
cating  greases. 

Beeswax  is  secreted  in  the  form  of  very  fine  flakes  by  the 
wax  glands  of  the  bee.  Technical  beeswax  is  obtained  from  old  and 
worthless  honeycombs,  scraps  of  unrefined  beeswax,  waxy  growths  on 
beehives,  etc.  There  are  mixed  beehive  waxes  (the  highest  quality), 
pressed,  obtained  by  machine  pressing  of  waxy  raw  material  and  ex¬ 
tractive,  extracted  with  gasoline  from  the  waste  products  of  wax 
refineries.  Beeswax  contains  7 0—7 complex  esters  of  monoatomic 
alcohols  and  fatty  acids,  14-1 5 %  free  fatty  acids  and  12-151  satur¬ 
ated  hydrocarbons.  It  is  distinguished  by  high  resistance  to  oxi¬ 
dation.  It  is  used  in  certain  lubricants  and  waxy  compounds. 

Wool  wax  is  obtained  by  washing  sheep's  wool  with  soapy  water 
or  organic  solvents.  In  crude  form  it  has  a  dark  brown  color  and 
an  unpleasant  smell.  Purified  and  dehydrated  wool  wax  ie  known 
under  the  name  of  lanolin;  it  has  a  yellowish  color  and  a  slight 
odor;  it  is  capable  of  binding  up  to  3001  water;  it  is  stable 
during  prolonged  storage  (does  not  turn  rancid)  and  contains 
cholesterol  and  its  isomers . 

The  principal  inoices  of  the  quality  of  wax  products  are  pre¬ 
sented  in  Table  12.17. 
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TABLE  12.17 


Principal  Indices  of  Wax  Products 


1 

2 

J 

Bocn 

k  Boat  ntponraot 

noKtMNIS 

Moirran-»oeN 

oumMfl 

5  enpot 

7JI*OTHOCT1.,  t/cM*  .  .  . 

60K0I0 

0890* 

0.96- 
0X7  ** 

083— 

084" 

— 

jTeunoparypa  nnaiAeua, 

38-39 

35-37 

°C . 

78,90 

62-67 

1  OKBCX07HM  licit,  Mt 

10-11 

1-2 

KOH  nil . 

18-22 

i  i  Macao  omhjubm,  mi 

l  Jflo  148 

85-100 

KOH  uli . 

80-105 

87-107 

1  2  llo.THOO  HB CIO . 

10-19 

7-11 

22-24 

15-18 

"*At“lOO°C. 

••At  20°C. 

1)  Indices;  2)  montan  wax;  3)  beeswax;  4)  wool  wax;  5)  crude;  6) 
purified  lanolin;  7)  density,  g/cm*;  8)  about;  9)  melting  point, 
°C;  10)  acid  number,  mg  KOH  per  g;  11)  saponification  number, 
mg  KOH  per  g;  12)  iodine  number;  13)  up  to. 


Synthetio  fatty  aoid*  [SFAl(CKiC)  are  obtained  by  oxidation  of 
paraffin  and  are  widely  used  for  the  preparation  cf  bulk  lubri¬ 
cants  which  are  full-valued  substitutes  for  lubricants  prepared 
from  natural  fats.  Synthetic  USs  greases  and  UTs  konstalins, 

YaNA-2  lubricant  and  many  others  have  almost  completely  displaced 
fatty  greases  and  konstalins  which  are  still  widely  used  abroad 
from  ohe  USSR  assortment  of  lubricants. 


Industrial  processes  of  the  production  of  SPA  include  two 
steps:  oxidation  of  paraffin  with  air  for  up  to  20  h  in  column 
type  reactors  at  120-l40°C  in  the  presence  of  a  catalyst  (usually 
KMnOn,  MnOj,  etc.)  and  the  isolation  of  the  specific  product  from 
the  reaction  mixture,  which  are  crude  technical  fatty  acids,  and 
after  distillation  -  heat-refined  fatty  acids  of  specific  group 
composition. 

Oxidized  paraffin  contains  a  mixture  of  acids  of  approximately 
the  following  composition  (In  5): 


Formic  .  . 
Acetic  .  . 
Propionic 
Butyric.  . 


up  to  1 
up  to  0.7 
up  to  0.4 
up  to  0.4 


C|-C|  . 

C  ?-C»  .  . 
Cji-Cj*.  . 
Acids  above 


.  .  0.7-0. 8 
.  .  2. 7-2. 8 
.  .  18-20 
Ct»  up  to  5 


Low  molecular  weight  acids  are  removed  from  the  product  by 
washing  out  with  hot  *ater.  The  fatty  acids  are  aapor  fled  with 
calcined  and  caustic  soda  and  the  soap  is  separated  .  rom  the  unox- 
idieed  paraffin  whicn  is  again  oxidized.  The  soaps  which  have  been 
freed  from  unoxidized  paraffin  and  the  bulk  of  the  secondary  oxy¬ 
gen-containing  products  are  treated  with  sulfuric  acid  and  washed 
with  water;  crude  SFA  and  a  solution  of  sodium  sulfate  are  ob¬ 
tained  by  thi3  treatment. 
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i  Cf»uni  MOMtKJSKpWt  MC 
•  Tooteptrype  uuinu, 


W  M  NN  n 


•o  .  .  .  4S  36  40  43  44  40 

7  Bttxocn  apt  70*  C,  Hm  16,1  20,1  22,0  26,4  10,7  16,0 


•  Hwie  mwiwm,  m$  KOH 

it  1  •  . 

•  Kkiotim  mcjio,  m  KOH 

W.  1  «  . 

1  0  OflpiM  W40,  JM  KOH 
Ml*  . 


166  161  141  171 


1 1  OnamtM  nutnort  nm- 
m  m  a^apMMy  .... 
1 1  Aqitiiuot  ticio  .  . 

1 1  KapOonutaot  lauo  .  .  . 

I  a  Mewaoa  wit . 

I I  Hmmuijwmim,  Mac.  X  •  • 
II  Kkioth  aopHuuioro 

crpotoo*,  mic.  %  ... 

1  e  npoAysTu,  MptcnopoM 
a  nerpenOsoM  afipa, 

*ac.  % . 

I  •  06«*m  capa,  mm.  K 


«.S  118 


1,14  1,73  1,54  1,55  0,04  1,20 

22,9  40,0  25.0  30,0  46,0  18.6 

25,7  27,1  23.5  35.5  10,2  24,9 

-  1,5  1,9  4.0  2,0  24 

36,5  23,0  28,5  90.0  30,0  29,0 

17  l  ? 

12,0  Cmjiu  13,9  Cm-  12,0  j 

MM 


3,4  8,9 

0,13  0,12 


6,6  11,7  7.7 
-  |  0,12  0,19 


1'  Indices;  2)  Orenburg  NMZ,  samples;  3)  Leningrad  NM7,  samples; 

Yaroslavskiy  NMZ;  5)  average  molecular  weight.;  6)  melting  point, 
“C;  7)  viscosity  at  70°C,  cSt;  8)  saponification  number,  mg  KOH  per 
g;  S)  acid  number,  mg  KOH  per  g;  10)  ester  number,  ng  KOH  per  g: 

11)  ratio  of  acid  number  to  eater  number;  12)  acetyl  number;  13) 
carbonyl  number;  14)  iodine  number;  15)  unsaoonifiablt ,  %  by  mass; 
16)  acids  of  normal  structure,  %  by  mass;  17)  traces;  18)  products 
Insoluble  In  petroleum  ether,  %  by  mass;  19)  total  sulfur,  %  by 
maos . 


The  technical  indices  of  crude  SPA  prepared  in  the  Orenburg, 
Leningrad  and  Yaroslavsk  “ttroleum-Oil  Plants  are  presented  in 
Table  12.18.  Their  content  of  unsaponifiable  substances,  mainly 
unoxidieed  paraffin,  reaches  30-401.  Crude  SPA  are  fractionated 
under  vacuum.  Fractions  of  acids  with  carbon  atoms  :  upoerin^ 

C|— C*,  Cj— C* ,  Ci*— Cj*,  C i ?— C* 3 .  Ci «-Ci* ,  etc.  are  usually  separa¬ 
ted.  So-called  still  residues  are  the  residual  product  of  the 
fractional  distillation.  The  qualitative  characteristi  c  of  SPA 
from  the  Shebeklnskly  Combine  are  presented  in  Table  K.19. 

GOST  9575-62  is  jcnflrmed  on  SPA  fraction  C17-C1  intended 
specially  for  the  preauction  of  lubricants  (SPAS)  (Tab'e  12.20). 

Two  gri.des  of  these  fatty  acids  have  beer  established: 

SPAS-H  for  the  production  of  high-melting  lubricants  r> i  SPAS-A 
*v>r  the  production  of  average -melting  lubricants.  Hewevjr  GOST 
9622-57  SPA  are  a  til’;  being  widely  used  for  the  product’  or.  of 


-  797  - 


synthetic  detergents.  They  are  not  full-valued  raw  material  for 
the  production  of  lubricating  greases. 

TABLE  12.19 

Technical  Indices  of  Synthetic  Fatty  Acids 
from  the  Shebekinskiy  r.  ,-nbine 

1 

EoMUTin 


6  Cp«*AH8&  uoneKyjiKpHufl  see  ... 

7  TexaepaTypa  nawiemu,  *C  .  .  . 

e  BasKocTb  npa  70*  C,  eem . 

9  Macao  OMuaeBEJi,  mi  KOH  Ha  1  < 

l  o  KncaoTHoe  MHcao,  mi  KOH  aa  1  « 
l  l  3$npHoe  hdcjio,  mi  KOH  aa  1  • 
l  2  OTHomeHne  KHcnornoro  aacaa  a  a$zp- 

aouy  i . .  .  .  .  . 

l  3  AqeTHa^Hoe  Macao  . 

1  4  Kap6oHnabHoe  Mncao  . 

1  5  Horhoo  Macao  . 

1  6  HeOMUJIHOMWQ,  U8C.  % . 

1 7  Khcroth  HopMaabHoro  cTpoeaaa, 

aac.  % . 

l  s  npoayKTbi,  HepacTBOpmiue  a  neTpo- 

aefiHOM  aijuipe,  Mac.  %  . 

1  9  06ra,afl  cooa,  Mac.  % . 


•At  100°C. 

1)  Indices;  2)  crude  ~5FA;  3)  C1()-Ci6  fraction;  4)  C17-C20  frac¬ 
tion  j  5)  still  residues,  C2o  and  above;  6)  average  molecular  weight 
7)  nelting  point,  °C;  8)  viscosity  at  70°C,  cSt;  9)  saponification 
number,  mg  KOH  per  g;  10)  acid  number,  mg  KOH  per  g;  11)  ester  num¬ 
ber,  mg  KOH  per  g;  12)  ratio  of  acid  number  to  ester  number;  13) 
acetyl  number;  14)  carbonyl  number;  15)  iodine  number;  16)  unsapon- 
ifiable,  %  by  mass;  17)  acids  of  normal  structure,  %  by  mass; 

18)  products  insoluble  in  petroleum  ether,  %  by  mass;  19)  total 
sulfur,  %  by  mass. 

TABLE  12.20 

Technical  Indices  of  GOST  9975-62  Synthetic 


4 


f 


8 

9 

1  0 

1)  Indices;  2)  SFAS-H;  3)  SFaS-A";  H)  external  appearance;  5)  pro¬ 
duct  of  solid  consistency  from  a  cream  to  a  light  yellow  color;  6) 
acid  number,  mg  KOH  per  g;  7)  ester  number,  mg  KOH  per  g;  8)  iodine 
number,  not  more  than;  9)  unsaponifiables ,  %,  not  more  than;  10) 
water,  %,  not  more  than. 


QaemHn&  bha .  9  nponyKT  nwpaoi  xOMSCTtnm 

ot  xp«M0Boro  ao  ewno>Minn 
mn 

Kncaoraoe  homo,  mi  KOH  u  1  •  195 — 230  180 — X40 

3$npno»  Macao,  mi  KOH  11  1  •,  o 

SojiM .  8  10 

Hoaaoe  Macao,  SoaM .  18  *3 

Heouuajnmii,  %,  mb  6oa*a  ....  8  T 

Boat,  54,  *•  60 am .  04  04 


H6 

K 

3 

Optima 

zbz 

880 

242 

i 

345 

848 

43 

27 

m 

48 

12,8 

7,8 

17,8 

41.7* 

240,0 

254,9 

191,4 

147,1 

235,7 

249.7 

1864 

110,0 

4,8 

5  ,i 

54 

87,8 

49 

48 

85,8 

8 

24,0 

10,7 

12,8 

18,8 

7,8 

8,7 

10,0 

11.0 

8.2 

8,5 

9,8 

19.1 

6,0 

3,6 

4,2 

80,0 

104 

554 

204 

0 

0.26 

04 

04 

114 

0.23 

044 

046 

24 
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TABLE  12.21 


Technical  Indices  of  GOST  8622-57  Synthetic 
Fatty  Acids 


1 

nowma 

Cf — G. 

Ct-C. 

C,.i  MM 

Batumi  uu« . 

% 

ITpospants  means* 

5 

npoayior  or  nap- 

eras  momm.  Gao- 

sot  AO  KUMtpn- 

mencs  mm*  catvxa 

sot  xoscsemt. 

SMTOHTM 

ns,  or  esanao* 

Khcjtotho*  kkcjio,  Mt  KOH  sa 

1  <  .  . . 

420—500 

870—410 

wtprawoio  m 
""•woeSw** 

’  Ht  mam  100 

9$spnM  nuo,  KOH  at 

1  f,  E*  foam . 

JKnpmie  xncaom,  %,  m  Sun 

1 

8 

40 

— 

— 

88 

Heomuxeme,  %,  sa  foam  : 

— 

i 

•  — 

Boat,  K,  m  foam . 

5 

M 

BoaoptcTnopmon  rauovu  .  . 

— 

— 

i  *  Orcyrcrasa 

1)  Indices;  2)  C2o  and  above;  3)  external  appearance;  4)  transpar¬ 
ent  oily  liquid,  colorless  or  slightly  yellowish;  5)  product  of 
solid  to  pasty  consistency,  from  light  brown  to  dark  brown  in  color; 
6)  acid  number,  mg  KOH  per  g;  7)  not  less  than;  8)  ester  number, 
mg  KOH  per-  g;  9)  f a' hy  acids,  1,  not  more  than;  10)  unsaponlfiables , 
1,  not  more  than,  water,  1,  not  more  than;  12)  water  soluble 
acids;  13)  absent. 


Soaps  of  Fatty  Acids 

Soaps  of  fatty  acids  are  the  principal  thickening  component 
of  the  majority  of  saponaceous  lubricants  used  in  the  most  diverse 
friction  Joints,  as  well  as  of  protective  and  packing  lubricants. 
They  are  salts  of  higher  fatty  acids  and  various  metals ,  as  well  as 
of  naphthenic  and  resin  acids.  Sodium,  lithium,  potassium,  calcium, 
barium,  aluminum,  zinc,  lead,  magnesium  and  certain  other  soaps  of 
stearic,  oleic,  oxystearic,  ricinoleic,  naphthenic  and  other  acids, 
as  well  as  mixtures  of  them  and  mixtures  with  glycerides  which  are 
formed  during  the  saponification  of  plant  oils  and  animal  fat'i  are 
used  in  the  production  of  lubricants  or  are  obtained  in  the  prepara¬ 
tion  process  itself. 

Sodium  soaps  of  stearic  and  other  acids  are  widely  used  for 
the  preparation  of  many  lubricating  greases  (for  example,  konstal- 
lns,  ZhD-1  railroad  lubricants,  ZhB,  lubricants  1-13  and  others). 
They  have  a  high  melting  point  and  therefore  can  be  used  at  higher 
temperatures  than  many  other  lubricants.  But  all  sodium  soaps  are 
water  soluble  and  therefore  lubricants  prepared  from  them  must  not 
come  into  contact  wit  i  water  during  use. 

Sodium  9 taarata  Ci»H»|COONa  is  a  product  with  m.w.  306.55, 
softening  point  of  l80-l85°C;  it  has  an  ash  content  of  9-5-19.51; 
it  is  101  soluble  in  water  at  100°C.  Ready-made  sod? urn  stearate 
for  the  preparation  of  lubricants  is  not  manufactured,  but  is  pre¬ 
pared  by  saponification  of  fats  and  fatty  acids  during  the  produ* - 
tion  of  a  lubricant. 


Potassium  stearate  Ci7Hs5C00K  ' a  product  with  m.w.  322.55, 
with  m.p.  of  132°C;  it  is  10$  soluble  in  water  100°C,  0.43$  in 
alcohol  in  the  cold  and  10$  at  66°C.  It  is  pert  of  LZ-188  lubri¬ 
cant  . 


Lithium  stearate  CwHssCOOLi  is  a  white  powder  with  m.w.  290. 
47,  with  m.p.  of  ~200°C.  The  technical  product  contains  admixtures 
of  lithium  oleate  and  palmitate,  as  well  as  carbonates,  free  fatty 
acids  and  water  (not  more  than  1$).  It  has  low  solubility  in  water. 
During  the  production  of  bulk  lithium  lubricants  (TsIATIM-201, 
TsIATIM-202  and  others),  lithium  soap  is  obtained  during  prepara¬ 
tion  of  the  lubricant  by  saponification  of  fatty  acids  with  lith¬ 
ium  hydroxide  (industry  produces  lithium  monohydrate  LiOH*H20). 
Ready-made  lithium  soap  will  find  wider  use  with  the  transition  to 
a  continuous  process  of  the  preparation  of  lithium  lubricants. 

Caloium  stearate  (C i 7H3 5C00) 2Ca  is  a  product  with  m.w.  607.0, 
softening  point  of  145-150°C;  it  has  an  ash  content  of  9-10$  and 
is  practically  insoluble  in  water.  It  is  still  not  produced  in 
ready-made  form  in  the  USSR.  It  is  obtained  by  the  saponification 
of  fatty  acids  and  fats  with  calcium  hydroxide  Ca(0H)2.  It  disper¬ 
ses  well  in  oils  in  the  presence  of  water  of  crystallization, 
forming  a  characteristic  structure  (see  Pig.  12.1,  a). 


Magnestum  stearate  (Ci 7H3 5C00) 2Mg  is  a  product  with  m.w.  590, 
softening  point  of  145°C;  its  ash  content  is  8.9$.  It  is  beginning 
to  be  used  as  a  structure  modifier  of  certain  domestic  and  foreign 
lubricants. 


Lead  Stearate  (C\ 7K35C00)2Pb  is  a  product  with  m.w.  774  It  is 
obtained  by  a  double  exchange  reaction  between  sodium  soap  and  lead 
acetate  ("sugar  of  lead")  In  water  solution  with  subsequent  separa¬ 
tion  of  the  lead  soap  from  the  sodium  acetate  solution  by  washing 
the  soap  until  the  bichromate  reaction  is  negative.  Repeated  cen¬ 
trifugation  or  washing  the  lead  soap  on  linen  stretched  on  a  frame 
is  used.  The  washed  soap  is  first  dehydrated  by  heating  to  90°C, 
then  the  water  i3  completely  removed  by  evaporation  at  100-120°C, 
after  which  the  soap  is  heated  to  13C-l40°C  and  fused  together.  It 
is  poured  into  molds  for  cooling.  The  solid  pieces  of  congealed 
soap  are  used  for  thickening  PRGS  and  other  lubricants.  Lead  soap 
is  a  good  structure  modifier  of  lithium  soaps  and  increases  the 
anti-friction  and  anti-abras ion  properties  cf  lubricants.  It  has 
a  m.p.  of  about  116°C. 


Three  aluminum  soaps  (aluminum  stearates)  are  formed  from 
the  saponification  of  stearic  acid  with  aluminum  alum:  aluminum 
monostearate  (Ci7Hs8C00)Al(0H)2  m.w.  344.5,  containing  about  6$ 
AI2O3;  aluminum  distearate  (Ci7HisC0Q)2Al(0H)  m.w.  611,  containing 
8.5-9$  AljOi,  aluminum  crisearate  wwhssUOO;  3AI  m.w.  850,  contain¬ 
ing  up  to  15$  AI2O3.  Aluminum  monostearate  is  most  chemically 
stable,  aluminum  tristearate  which  dissociates  readily  is  the  least 
stable.  In  this  case,  stearic  acid  which  causes  the  corrosion  of 
non-ferrous  alloys  precipitates  out.  Therefore,  8  soap  wh'ch  cor¬ 
responds  to  aluminum  distearate  is  used  in  lubricant* . 


lino  stearate  ( C t 7H j $000) 2Zn  is  a  white  powder  with  m.w.  631, 
softening  point  of  112-117°C;  it  has  an  ash  content  of  15$.  It 
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is  the  zinc  salt  of  stearic  acid  with  an  admixture  of  the  zinc 
salts  of  palmitic  and  oleic  acids.  It  is  obtained  by  double  de¬ 
composition  of  sodium  salts  of  stearic  acid  with  zinc  chloride.  It 
is  used  in  some  lubricating  greases,  but  has  a  low  thickening 
capacity.  It  is  produced  according  to  the  technical  specifications 
MPPT-16-53.  It  is  also  used  in  the  cosmetic  industry  and  in  the 
production  cf  phonograph  records. 

Barium  stearate  (Ci 7HJ sCOO)2Ba  is  a  product  with  m.w.  703  and 
a  softening  point  of  l60°C.  It  is  not  produced  in  ready-made  form, 
but  it  is  obtained  in  the  preparation  of  barium  lubricants  during 
the  production  of  No.  9,  MS-70  and  other  lubricants. 

Copper  naphthenate  is  the  copper  salt  of  naphthenic  acids.  It 
is  a  green  viscous  sticky  mass.  The  product  contains  not  less  than 
9!  copper,  not  more  than  5%  water  and  no  more  than  0.?Jt  mechanical 
impurities;  traces  of  sulfates  soluble  in  water  are  permitted. 
Water  soluble  copper  salts  must  be  absent  and  the  reaction  of  an 
aqueous  extract  neutral.  It  is  produced  by  the  chemical  industry 
and  is  used  as  an  antiseptic  for  the  treatment  of  power  cables 
and  as  an  additive  in  certain  lubricants  (PROS). 

Graphites 


Graphites  are  widely  used  in  lubricants  as  fillers  and  anti¬ 
friction  additives.  Natural  graphite  is  a  mineral  consisting  of 
natural  carbon;  it  is  encountered  in  the  form  of  plates  and  solid 
masses.  The  graphite  content  of  industrial  ores  varies  within 
broad  limits.  Pyrite,  mica  and  chromite  can  be  contained  among  the 
impurities.  Pencil,  crystalline  (silver),  graphite  P,  elementary 
and  cryptocrystalline  (amorphous)  graphites  are  produced.  Only 
graphite  P  is  used  in  the  preparation  of  lubricants  -  a  steel-gray 
powder  (GOST  8295-57),  a  concentrate  obtained  by  the  concentration 
of  graphite  ore.  Two  grades  are  produced:  A  and  B.  Depending  on 
i/iic  ucpuoiio,  unc  following  design  at Ions  cf  the  grades  produced 
have  been  established:  PB-A  —  Botogol'skiy  grade  A;  PB-B  Botogol’- 
skiy  grade  B;  PZ-A  -  Zaval'yevskiy  grade  A  and  PZ-B  Zaval'yevskiy 
grade  B;  PT-A  and  PT-B  -  Tayginskiy  grades  A  and  B.  The  product 
must  contain  (in  %  by  mass): 


Carbon,  not  less  than 

Grade  A 

92 

Grade  B 

90 

Ash,  not  more  than 

7 

9 

Volatile  substances, 
not  more  than 

1 

1 

Sulfur,  pot  more  than 

0.2 

0.2 

Moisture,  not  more  than 

1 

1 

Graphite  3hould  not  contain  granules  of  quarts  or  the  graph¬ 
ite  of  another  deposit;  the  reaction  of  a  water  extract  should  ba 
neutral;  it  passes  completely  through  a  0.200  ram  sieve;  the  resi¬ 
due  on  a  0.160  mm  sieve  does  not  exceed  1.5JJ  for  graphite  of  both 
grades . 

Dry  oolloidal  graphite  preparation  (GOST  5?-6l-50)  is  a  highly 
dispersed  low  ash  artificial  graphite  (thermographite) .  It  is  pro- 
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duced  in  three  grades :  S-l  from  graphite  with  particles  up  to  4  ym 
in  size;  S-2  from  graphite  with  particles  up  to  15  ym  in  size  and 
S-33  -  up  to  30  ym. 

Some  standards  for  colloidal  graphite  preparations  are  pre¬ 
sented  in  Table  12.22. 

TABLE  12.22 


Technical  Standards  For  Colloidal  Graphite  Pre¬ 
parations 


1 

2  Mep*a 

nOKIMTWU 

3C-l 

m 

5  « 

1 

eSoaiHocTb,  %,  ae  6oaee . 

7BaiqacTBa  b  sone,  aepacTBopaioie 
a  cojjhuo!  wicjiore,  b  nepecwe  aa 

npenapaT,  %,  ae  foaee . 

aOcraTOK,  %,  Re  6oaee: 

15 

2 

25 

05 

t 

ijo 

15 

Siia  aopuapyerca 

9  Ba  CHT6  0,063  . 

1  i0,5 

05 

»  0,075  mm . 

1  He  BopMapyetea  1 

5 

oBoaa,  % .  He  (Soaee . 

0,5 

05 

05 

1)  Indices;  2)  grades;  3)  S-l;  4)  S-2;  5)  S-3;  6)  a3h  content,  %y 
not  more  than;  7)  substances  in  the  ash  insoluble  in  hydrochloric 
acid,  on  conversion  to  the  preparation,  %,  not  more  than;  8)  resi¬ 
dues,  %3  not  more  than;  9)  on  0.063  mm  sieve;  10)  water,  %,  not 
more  than;  11)  not  standardized. 


TABLE  12.23 

Technical  Requirements  for  the  Quality  of  Oily 
Colloidal  Graphite  Preparations 


1 

2  Kafaa 

3  MU 

4  MO 

M 

^CoAcpwaaue  rpa^ua,  %,  m  ueaee 

24 

24 

23-33 

tSoJia  a  cyxon  rpeiJiBTe,  %,  ae  (ojn 

15 

15 

2 

7Gtm§CTi«  b  *oae,  FiepacTBopume 
b  cobbhoI  KBcaote,  a  nepecaera 

05 

■a  cyxoi  rpa*ar,  %,  n  6oxea  .  . 
■OcTarox  aa  care  0,063  mm,  %,  ae 

OS 

|  1 

’He  weanwwa 

6oaee .  . 

0,1 

0,1 

i  OBoaa,  S,  m  Ooaea  . 

0.1 

0,1 

at 

1)  Indices;  2)  grade;  3)  MP;  4)  MS;  5)  graphite  content,  S,  not 
less  than;  6)  ash  in  dry  graphite,  %,  not  more  than;  7)  substances 
In  the  ash  insoluble  in  hydrochloric  acid,  on  conversion  to  dry 
graphite,  Jt,  not  more  than;  8)  residues  on  O.O63  mm  sieve,  %,  not 
more  than;  9)  not  standardized;  10)  water,  ft  not  more  than. 


The  preparation  should  pass  the  test  for  abirsive  properties; 
when  ground  between  two  plates  of  window  glass  for  10-15  s,  there 
should  not  be  scratches  on  the  glass. 
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Oily  colloidal  graphite  preparation  (GOST  5262-50)  is  a  con¬ 
centrated  suspension  of  highly  dispersed  artificial  graphite 
(thermographite)  in  mineral  oil  stabilized  with  petroleum  resins. 

The  product’s  properties  depend  on  the  type  of  mineral  oil  (avia¬ 
tion,  turbine,  industrial,  etc.)  and  the  quality  of  the  thermo- 
granhite  used  for  preparing  the  preparations. 

An  oily  colloidal  graphite  preparation  of  three  grades  is 
produced:  MP  from  a  calcined  S-l  preparation,  MS  from  a  dried  S-l 
preparation  and  M  from  preparation  S-2.  The  drop  in  the  concen¬ 
tration  of  graphite  in  the  suspension  after  standing  for  1  h  (con¬ 
tent  of  6  pm  particles)  is  no  more  than  30%  for  grade  MP  and  14% 
for  grade  MS.  The  decrease  in  the  graphite  concentration  of  grade 
M  after  standig  for  10  min  is  not  more  than  14% . 

The  technical  requirements  for  the  quality  of  oily  colloidal 
graphite  preparations  are  presented  in  Table  12.23* 

Aqueous  colloidal  graphite  preparations  are  also  manufactured: 
grades  K-l,  K-2,  K-3  and  K-4  from  natural  graphite  according  to 
GOST  5613-50 ;  type  V  -  a  stable  suspension  of  highly  dispersed 
thermographite  in  water  (stabilized  with  complex  stabilizer  V)  ac¬ 
cording  to  GOST  52^5-50,  used  as  a  lubricant  in  the  extraction  of 
threads  of  high-melting  metals  (molybdenum,  tungsten  and  others) 
and  for  other  purposes;  KGVS  colloidal  graphite  preparation  -  a 
water  suspension  of  highly  dispersed  graphite  stabilized  with  a 
solution  of  sterilized  agar-agar;  preparation  RP  -  for  elementary 
particle  counters;  SBG  colloidal  graphite  preparation  -  in  an  SBS- 
1  lac  base  for  absorbent  coating;  ELPV  colloidal  graphite  prepara¬ 
tion  for  conductive  coatings . 

Molybdenum  disulfide  MoS2  (natural)  is  widely  used  in  lubri¬ 
cants  as  a  component  which  improves  anti-friction  and  anti-abrasion 
properties.  It  can  be  used  for  lubricants  which  operate  in  increas¬ 
ed  humidity  and  a  high  vacuum.  It  is  not  oxidised  in  2’ "  at  tem¬ 
peratures  up  to  400°C  and  from  the  effect  of  nuclear  radiation.  It 
is  used  in  the  form  of  a  highly  purified  powder  with  a  high  degree 
of  milling,  it  should  not  contain  more  than  2%  impurities  with  abra¬ 
sive  particles.  Natural  molybdenite  is  subjected  to  pulverization 
in  vibrational  mills  or  jet  mills,  as  well  as  in  homogenizers  and 
apparatus  using  ultrasound.  In  the  latter  case  particles  1-7  um 
lr.  size  are  obtained.  After  pulverization  in  the  other  apparatus, 
larger  particles  are  obtained  (40-100  pm).  The  coefficient  of  fric¬ 
tion  of  MoS*  slippage  is  0.05-0.10,  that  is,  two  times  less  than 
that  of  graphite. 

MoSt  is  used  in  many  new  lubricants. 

Additives 

To  improve  the  protective,  anti-abrasion  and  many  other  pro¬ 
perties  of  preservative  lubricants,  various  additives  and  oxida¬ 
tion  inhibitors  are  used,  including  oxidized  petroleum  products 
(oxidized  petrolatum,  MNI  additives),  nitrated  oils,  nitrated 
petrolatum  and  nitrated  oxidized  petrolatum,  calcium  and  sodium 
sulfonates,  amines  and  certain  waxes. 
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Oxidized  petrolatum  is  obtained  by  oxidation  of  pecroiatum  in 
an  air  column  in  the  presence  of  a  catalyst  -  potassium  permangan¬ 
ate  at  140-160°C.  Oxidized  petrolatum  must  satisfy  the  requirements 
presented  in  Table  12.24. 

TABLE  12.24 


Requirements . for  the  Quality  of  Oxidized  Petro¬ 
latum  According  to  MRTU  12N  No.  64-63 
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1)  Indices;  2)  standards;  3)  external  appearance;  4)  uniform  pro¬ 
duct  of  viscous  consistency,  of  dark  brown  color;  5)  acid  number, 
mg  KOH  per  g,  not  less  than;  6)  saponification  number,  mg  KOH  per 
g,  not  above;  7)  ratio  of  saponification  number  to  acid  number,  not 
more  than;  8)  solubility  in  white  spirit  (1:1);  9)  complete;  10) 
secondary  Inclusions;  11)  not  permitted;  12)  water,  Jt,  not  more 
than. 


TABLE  12.25 


Requirements  for  the  Quality  of  MNI-3  and  MNI-7 
Additives  According  to  QOST  10584-63 
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1)  Indices;  2)  additives;  3)  MNI-3;  4)  MNI-7;  5)  external  appear¬ 
ance;  6)  uniform  viscous  product  of  brown  color;  7)  uniform  vis¬ 
cous  product  of  light  yellow  color;  8)  drpp  point,  °C,  not  below; 
9)  acid  number,  mg  KOH  per  g;  10)  saponification  number,  mg  KOH 
per  g;  11)  content  of  products  Insoluble  in  petroleum  ether,  >, 
not  more  than;  12)  mechanical  impurities,  *,  not  rxore  than;  13) 
water;  14)  traces. 


Oxidized  petrolatum  is  used  as  an  additive  which  improves 
protective  (against  corrosion)  properties  in  NG-203,  NG-204,  K-15, 
K-17  and  other  lubricants. 

MNI  additives  are  produced  in  three  MNj-3»  MNI-5  and 

MNI-7.  MNI-3  additives  are  oxidized  petrolatum  of  grade  PK  which 
satisfies  the  requirements  presented  in  Table  12,25. 

Additive  MNI-3,  in  contrast  to  oxidized  petrolatum,  which  is 
prepared  according  to  TU  NP  585-56,  has  a  smaller  acid  number  and 
saponification  number.  It  is  used  both  directly  in  the  form  of  an 
additive  in  SKhK,  Rzh  and  other  lubricants  arid  for  preparing  addi¬ 
tive  MNI-5. 

MNI-7  additive  is  oxidized  grade  75  ceresln  from  the  Borislav 
skiy  or  Shorsinskiy  deposit.  It  is  used  in  PVK  (gun),  GOI-54p  and 
other  lubricants. 

Additive  MNI-5  (Table  12.26)  is  obtained  by  extraction  from 
additive  MNI-3  of  high  molecular  weight  esters  and  acids  which  are 
the  active  component  of  this  product.  The  extraction  is  carried 
out  with  light  oil  (velosite  type)  which  satisfies  specific  re¬ 
quirements  . 


TABLE  12.26 


Requiresments  for  Quality  of  Additive  MNI-5  Ac¬ 
cording  to  GOST  10584-63 
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1)  Indices;  2)  standard;  3)  comment;  4)  external  appearance;  5) 
oily  transparent  liquid  of  brown  color;  6)  acid  number  mg  XOH  per 

S;  7)  according  to  GOST  5985-59  with  phenolphthalein  indicator; 

)  content  of  products  insoluble  in  petroleum  ether,  f,  not  more 
than;  9)  water;  10)  absent;  11)  mechanical  impurities,  I,  not  more 
than;  12)  test  of  additive  stability;  13)  passes;  lft)  in  centri¬ 
fuge  after  cooling  to  a  temperature  of  — 40®C;  15)  testing  for 
corrosion;  16)  on  copper  plates. 
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The  content  oi’  active  components  xi,  which  are  determined  from 
the  ratio  of  the  acid  number  of  additive  MNI-5  ( K i )  to  the  acid 
number  of  the  original  MNI-3  additive  (Ka),  is  indicated  on  the 
record  attached  to  the  additive. 

Cf^-iOO 


The  amount  of  additive  to  be  added  to  the  oil  (lubricant)  is  cal¬ 
culated  irom  the  content  of  active  components. 

Additiv  T -5  is  used  in  AGM  and  Gm-50I  hydraulic  oils,  li¬ 
quid  gun  libricant  and  other  petroleum  products;  it  imparts  high 
anti -corrosion  (even  when  water  enters  the  product)  and  anti-abra¬ 
sion  properties  to  them. 

Caloium  sulfonate  (average  molecular  weight)  in  the  form  of  a 
concentrate  (additive  XSK)  is  used  in  NG-203  protective  lubricants. 
It  is  obtained  by  sulfonatlon  of  high  molecular  weight  mineral 
oils  (for  example,  AS-6)  with  oleum,  gaseous  sulfur  anhydride  and 
sulfur  annydride  in  liquid  sulfur  anhydride  with  subsequent  treat¬ 
ment  with  a  solution  of  unslaked  lime. 


Sodium  sulfonate  is  a  water  and  oil  soluble  product  obtained 
by  neutralization  of  acid  sulfonated  AS-6  oil  with  sodium  hydrox¬ 
ide.  Solutions  containing  10-25?  of  the  active  substance  in  oil 
are  used.  It  is  used  as  an  additive  to  YaNZ-2  lubricant. 


Nitrated  oil  is  a  product  obtained  by  the  treatment  of  mineral 
oils  with  nitric  acid  with  subsequent  neutralization  with  unslaked 
lime.  It  Is  used  in  the  production  of  liquid  preservative  lubri¬ 
cants  NG-204  and  NG-204u.  It  consists  of  various  nitrogen  compounds, 
chiefly  of  the  aromatic  series  dissolved  in  dearomatized  oil.  It 
serves  as  an  inhibitor  of  the  corrosion  of  ferrous  and  some  non- 
ferrous  metals  [7]. 


m«  tnana  taming  iuv.njv>ntuiu  i  -‘•5  5  COlcriCSS,  tr 
escence  is  permitted),  viscous,  hygroscopic  liquid  with  a  density 
of  1.100-1.124  at  20°C;  it  is  obtained  by  reaction  of  an  ammonia 
solution  with  ethylene  oxide.  It  is  used  as  an  anticorrosion  addi¬ 
tive  to  oils  aud  lubricants  (for  example  to  SP-3  lubricant).  The 
o.p.  of  tri^thanoplamine  is  277-279°C  (at  150  mm  Kg  column),  m.p. 
-21°C.  It  mixes  with  water  and  alcohol;  it  is  soluble  in  chloro¬ 
form;  It  I*  slightly  soluble  in  ether,  benzene  and  ligroin.  It  is 
a  .'tron*  base. 


Diphsnylamine  (C*H*)iNH  is  produced  in  three  grades:  1st  grade 
-  fine  crystals  of  light  gray  or  light  yellow  color;  2nd  gra3e  - 
lamellae  or  crystals  of  light  era;-  or  yellow  color;  3rJ~ grade  - 
lamellae  of  yellowish  to  dark  brown  color.  It  is  used  as  an  anti- 
oxldizlng  additive  to  oils  and  lubricants  (only  1st  grade).  Its 
solidification  point  is  52.6°C. 


Paraoxy dipheny lamina  C|H*NHC*H*0H  is  a  solid  fused  mass  of 
from  light  gray  to  gray  color;  it  la  obtained  by  the  condensation 
of  aniline  with  hydroqulnone .  It  is  used  as  antioxidizing  additive 
In  gasolines,  oils  utiicants  (for  example,  PRGS,  in  the  AGM 
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oil).  The  m.p.  is  69-74°C. 

Phthalooyanin  (copper  complex)  is  a  light  blue  organic  pig¬ 
ment.  It  is  used  as  a  thickening  agent  in  lubricant  No.  158  and 
in  some  other  instrument  lubricants  which  v,ork  at  high  temperatures 
(up  to  150°C)  and  high  speeds  (up  to  10,000  r/min).  The  copper 
phthalocyanin  molecule  has  a  highly  symmetrical  structure  and  is 
very  stable;  this  product  can  be  sublimated  in  a  vacuum  at  a  tem¬ 
perature  cf  up  to  500°C  without  decomposition  and  is  hardly  oxi¬ 
dized  in  air  at  temperatures  up  to  350°C. 

Phthalocyanin  lubricants  retain  their  structure  for  a  long 
time  under  severe  operating  conditions,  they  are  water  resistant 
and  have  good  colloidal  stability;  however,  at  elevated  tempera¬ 
tures  they  are  inclined  to  solidify  [63. 

4.  PROPERTIFS  AND  USE  OF  VARIOUS  LUBRICANTS 

Protective  Plastic  Lubricants  (No.  1-9,  Table  12.29) 

The  principal  purpose  of  protective  lubricants  is  to  protect 
metallic  products  against  corrosion  (mainly  atmospheric).  However, 
most  of  these  lubricants  also  posses  anti-friction  properties  and 
are  used  in  friction  Joints,  providing  operation  of  mechanisms  with¬ 
in  a  specific  temperature  range. 

Lubricants  such  as  gun.  technical  vaseline,  FP-95/5  (protec¬ 
tive  compound) ,  001-5*1,  anticorrosion  ZhE  have  been  used  for  many 
decades.  These  lubricants  are  fusions  of  various  hydrocarbons  and 
consist  of  mineral  oils,  petroletums,  ceresin''  and  paraffins.  Al¬ 
most  all  these  lubricants  contain  small  amounts  of  alkali  and 
therefore  they  have  a  weakly  alkaline  reaction.  Their  acid  number 
is  strictly  confined  to  the  upper  limit  (usually,  not  above  0.3  mg 
KOH  per  g) . 

The  protective  properties  of  this  group  of  lubricant*  have 
been  thoroughly  tested  during  storage  of  various  metal  product: 
under  the  most  diverse  conditions.  If  they  are  properly  applied  to 
the  clean  surfaces  of  metal  products  in  a  layer  0.5-2  mm  thick, 
they  can  protect  these  surfaces  from  corrosion  up  to  5-7  years. 

The  old  protective  lubricants  —  gun,  PP-95/5,  001-54  and 
technical  vaseline  -  protect  all  the  principal  metals  and  alloys 
against  atmospheric  corrosion  and  do  not  react  with  them  or  with 
metallic,  phosphate  and  oxide  coatings  and  most  paint  and  varnish 
coatings.  However,  these  lubricants  have  a  low  slipping  tenqr.sra- 
ture  ( 30-4O°C)  and  therefore  cannot  be  used  for  protecting  pro¬ 
ducts  against  corrosion  whi>.h  are  stored  and  transported  in  a  hot 
climate  and  especially  in  the  tropics. 

Recently  fh-  production  of  several  new  protective  lubricants 
has  begun:  PVK,  5k>K,  GOI-54p.  These  lubricants  consist  of  petrol¬ 
eum  oils,  petrolatum,  ceresln  and  the  multifunctional  additive 
WiI-3  or  NNI-7  vGCST  au.,34- §3) .  One  of  the  principal  properties 
which  characterize  the  qua*«t**  and  protective  properties  of  these 
lubricants  is  a  large  acid  nusc*»*  (0. 5-1-0  mg  of  KOH  per  g),  since 
it  In.^tes  the  presence  of  an  aaditive  In  them. 
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TABLE  12.27 

Certain  Conditions  Under  Which  Protective  Lubricating  Greases  Protect 
Products  Made  of  Steel  and  Non-Ferrous  Alloys  Against  Corrosion 
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The  new  lubricants  poseebs  better  protective  properties  than 
the  old.  Their  principal  advantage  is  a  high  temperature  of  slip¬ 
ping.  These  lubricants  either  do  not  slip  at  all  up  to  their  melt¬ 
ing  points  or  slip  at  a  temperature  12-15°0  higher  than  the  corres¬ 
ponding  lubricant  without  an  MNI  additive. 

The  new  protective  lubricants  can  be  used  for  protecting  metal 
products  against  corrosion  during  storage  and  transportation  in  a 
hot  climate.  Lubricant  G0I-5*lp  (like  lubricant  001-5^)  cannot  be 
recommended  for  these  conditions  since  in  the  warm  time  of  year  it 
gets  dry  and  decrepitates.  It  is  used  at  temperatures  from  -40  to 
♦35°C,  but  only  in  friction  Joints  with  small  specific  loads  and 
low  speeds. 

The  conditions  under  which  protective  lubricants  can  protect 
against  corrosion  are  presented  in  Table  12.27  and  the  periods 
during  which  the  lubricants  protect  against  corrosion  are  given  in 
Table  12.28.  They  require  some  refinement  since  the  new  Z  hrl cants 
have  found  wide  use  only  in  the  past  3-1*  yeart  and  experie rce  in 
their  use  is  still  being  accumudated. 

Improvement  in  packing,  the  use  of  improved  packaging  and  new 
water  resistant  packing  materials,  air  conditioning  and  drying 
lengthen  the  storage  period  of  lubricants  while  deterioration  of 
the  storage  conditions  shorten  them. 

During  prolonged  storage  of  products  the  new  lubricants  can  be 
replaced  1.5-2  times  more  infrequently  than  the  old.  In  a  warm  cli¬ 
mate  the  old  lubricants  have  to  be  replaced  *»-6  times  more  frequent¬ 
ly  than  the  new  ones. 

It  is  recommended  that  the  following  lubricants  be  used  to 
protect  products  against  corrosion: 

1)  lubricant  ?VK  in  place  of  gun  lubricant; 

2)  lubricant  i’VK  in  place  of  technical  vaseline  or  lubricant 
SKhK  for  products  stored  in  the  open  air  for  1-2  years; 

3)  lubricant  SKhK  or  PVK  in  place  cf  lubricant  PP-95/5,  ex¬ 
cept  for  cases  specially  stipulated  in  the  technical  documents; 

*0  lubricant  G0I-5*>p  instead  of  lubricant  001-5^. 

Liquid  Antl-Corroslor.  lubricants  (No.  10-20,  Tab's  12.29) 

Liquid  protective  lubricants  are  simpler  to  apply  and  are 
more  easily  removed  than  plastic  lubricants.  Many  protective  lub- 
bricants  do  not  have  to  be  removed  at  all  *hich  is  especially  Im¬ 
portant  during  temporary  shutting  down  of  motors,  compressors , 
various  capacitances,  etc.  If  they  have  goo'  protective  properties 
they  can  be  applied  in  very  thin  layers.  But  they  can  only  be  used 
for  the  protection  of  inner  surfaces  of  motors,  machines,  mechan¬ 
ism  a' 1  capacitances  as  w>ll  as  of  those  products  which  are  addi¬ 
tionally  wrepped  with  parchment  or  ether  thick  paper,  packed  in 
tight  containers  and  stored  under  conditions  which  will  prevent 
the  direct  entry  of  water,  snow,  etc.,  since  many  of  these  lubri- 


cani" s  are  comparatively  easily  washed  off  by  precipitation  and 
quickly  dry  up  after  which  they  lose  their  protective  properties. 

The  old  liquid  protective  lubricants  such  as  marine  MP  (QOST 
4700-49),  protective  SP-1  (GCST  4807-49)  and  SP-2  (QOST  56-51)  have 
been  removed  from  production  and  replaced  by  improved  lubricants. 
Munition  lubricant  (QOST  3045-51)  -  then  old  liquid  lubricant  for 
weapons  has  been  almost  completely  replaced  by  RZh  liquid  munition 
lubricant  (GOST  $3ll-6l).  Lubricant  RZh  protects  metals  well 
against  corrosion  and  therefore  ie  used  for  protecting  a  weapon 
against  rusting  during  brief  storage  in  military  subunits  and  dur¬ 
ing  marches;  it  is  also  used  for  cleaning  gun  bores  and  other  wea¬ 
pon  mechanisms  after  firing.  It  is  necessary  to  replace  this  lubri¬ 
cant  in  a  weapon  in  military  subunits  not  less  than  once  a  week. 

It  provides  normal  operation  of  all  types  of  weapons  at  any  temper¬ 
atures  (fron  -50  to  +40°C) . 

Lubricant  RZh  can  also  be  used  in  other  mechanisms  where  a 
lubricant  of  very  low  viscosity  which  penetrates  well  into  narrow 
spaces  is  required.  Mechanisms  do  not  have  to  be  dismantled  to  re¬ 
pice  it;  it  is  sufficient  to  introduce  a  few  drops  of  the  lubri¬ 
cant  which  quickly  spread  along  the  metal  and  penetrate  into  all 
the  narrowest  slits  of  friction  joints. 

TABLE  12.28 

Periods  of  Protection  of  Products  Against  Cor¬ 
rosion  Which  Have  Been  Protected  with  Certain 
Lubricants  and  Stored  Under  Different  Conditions 
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Notes:  1.  Approximate  periods;  will  be  refined 
as  data  is  accumudated. 

2.  All  lubricants  are  not  resistant  to  molds. 

3.  The  symbol  -  (dash)  denotes  that  the  use  of 
the  lubricant  under  the  given  conditions  is  not 
recommended. 

U.  Lubricants  marked  with  an  asterisk  are  used 
only  for  protecting  internal  components  and  sur¬ 
faces. 

1)  t -.vernal  storage  conditions;  2)  brand  of  protective  lubricant; 
3)  SKhK;  4)  PVP;  5)  technical  vaseline;  6)  PP-95/5;  7)  GOI-5*p; 

6)  petroleum  gas-203;  9)  C«;  10)  NG-200*  and  NG-20flu;  11)  K-17*; 
)2)  in  continental  USSR  -  middle  belt,  northern  countries  and 
countries  with  temperate  climate;  13)  in  heated  storehouses;  1*0 
without  packing;  15)  in  containers;  1$)  in  unheated  storehouses; 
IT)  under  a  shed;  IB)  on  open  platforms;  19)  under  maritime  con¬ 
ditions;  20)  in  places  with  dynamic  air  drying  without  pf  xlng; 
21)  in  heated  storehousts;  22)  tr*  unheated  storehouses;  23/  under 
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sheds  and  covers;  24)  on  open  decks  under  covers;  25)  on  open  decks 
without,  covering;  26)  in  dry  wsrm  climate  (including  the  tropics); 

27)  under  a  shed  or  tarpaulin;  28)  on  open  platform;  29)  in  humid 
tropical  climate;  30)  under  sheds,  tarpaulins;  31)  on  open  plat* 
forms. 

Several  liquid  protective  luoricants  from  the  Neftegaz  plant 
have  received  rather  wide  use  for  protecting  the  most  diverse 
metallic  products  against  corrosion:  motors,  spare  parts,  instru¬ 
ments,  etc.  Neftegaz-203  lubricants  (No.  12-14,  Table  12.2?''  are 
gradually  being  replaced  by  Neftegaz-204  lubricants  (No.  15  and  16, 
Table  12.29)  which  arv'  cheaper  and  possess  better  protective  pro¬ 
perties,  espeically  water  resistance. 

The  liquid  protective  lubricants  K-15  and  K17  (No.  17  and  18, 
Table  12.29)  are  used  in  limited  amounts  for  protecting  the  inner- 
housings  of  diesel  engines  stored  in  seaside  regions  against  cor¬ 
rosion.  The  motors  protected  with  them  can  be  stored  for  several 
years  without  replacing  the  lubricant  and  started  up  after  storage 
without  delay. 

Cable  lubricants  [No.  21-24,  Table  12.29] 

Lubricants  '■'Mch  have  been  specially  designed  for  lubricating 
steel  lines  Ccabj.es)  belong  to  the  protective  lubricant  group  and 
at  the  same  time  are  antifriction  lubricants  since  they  must  pro¬ 
vide  for  prolonged  work  of  curved  lines  with  friction  between  the 
individual  steel  wires  and  between  the  cable  itself  and  the  cylin¬ 
ders  of  the  winches.  Their  work  takes  place  under  very  complex  con¬ 
ditions,  frequently  under  the  influence  of  corrosive-aggressive 
agents  -  atmospheric  precipitates,  subsurface  and  shaft  waters, 
dust,  sand,  etc. 

Pour  special  cable  lubricants  which  differ  in  composition  and 
properties  are  manufactured.  Gun  lubricant,  technical  vaseline  and 
other  lubricants  are  also  used  for  lubricating  cables.  To  protect 
the  hemp  strands  of  certain  cables  against  rotting,  they  are  lubri¬ 
cated  with  NMZ-3  lubricant  which  contains  an  antiseptic  -  copper 
naphthen&te.  The  graphite  in  lubricant  IK  Imparts  good  lubricating 
properties  to  it  and  prevents  premature  deterioration  of  the  steel 
wire  of  cables. 

General  Purpose  end  Automotive  Anti -Frl ctlon  Lubricants  [No.  25-42, 
Table  12.29] 

The  greatest  quantity  of  lubricants  is  used  in  automobiles, 
tractors  and  agricultural  machines.  Greases,  konstalins,  lubricants 
1-13*  l-13s  YaNZ-2  and  others  which  are  sometimes  intended  for 
only  one  certain  mechanism  and  for  machines  of  only  certain  types 
are  used  in  the  friction  joints  of  these  and  many  other  machines. 

Greases  comprise  approximately  75*  of  the  total  output  of  plas¬ 
tic  lubricating  materials.  They  are  water  resistant  and  therefore 
esm  be  used  in  highly  humid  conditions  and  even  in  direct  contact 
with  water.  Greases  protect  lubricated  surfaces  well  againsc  cor¬ 
rosion  from  moisture  and  impurities  which  are  usual  for  machines 
which  operate  on  dusty  and  dirty  roads,  in  working  the  ground  and 
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under  other  severe  conditions.  But  the  protective  properties  of 
greases  are  retained  no  more  than  1-2  years  since  during  this  time 
they  are  oxidised  and  dry  up.  For  the  protection  of  mechanisms  for 
long  periods,  bearings  which  operate  in  greases  have  to  be  lubri¬ 
cated  with  hydrocarbon  protective  lubricants  (for  example,  PVK 
lubricant).  It  is  impossible  to  heat  greases  to  temperatures  close 
to  their  melting  points  (70-75°C)  since  they  lose  water  and  decom¬ 
pose,  and  are  irreversibly  destroyed. 

Synthetic  greases  (COST  4366-64)  of  two  grades  (No.  25  and  26, 
Table  12.29)  are  produced:  press-grease  S  and  grease  S  (USs-auto- 
moblle  lubricant).  They  differ  in  content  of  calcium  soaps  of  syn¬ 
thetic  fatty  acids,  but  have  similar  properties,  although  grease  S 
is  more  heat  resistant.  Most  lubricating  grease  is  produced  under 
the  label  of  press-grease  S  which  corresponds  to  the  grade  of 
USs-2  grease  manufactured  according  to  the  above  noted  QOST  4366-56. 

Broad  fractions  of  technical  fatty  acids  and  still  residues 
from  the  production  of  refined  synthetic  fatty  acids,  as  well  as 
mineral  oils  from  petroleums  of  different  origin  with' rather  Troad 
viscosity  characteristics  are  used  for  the  preparation  of  press- 
grease  S,  therefore  the  greases  produced  in  different  plants  differ 
considerably  in  their  properties  although  they  satisfy  the  GOST  re¬ 
quirements  . 

Fatty  greases  (GOST  1033-51)  are  produced  in  very  small  amounts 
(No.  27,  28  and  29,  Table  12.29).  Cottonseed  oil,  as  well  as  sun¬ 
flower  and  certain  other  plant  oils  have  chiefly  been  used  for  their 
preparation.  At  the  present  time,  they  have  been  practically  entire¬ 
ly  replaced  by  synthetic  greases  which  are  not  inferior  to  them  In 
lubricating  and  protective  properties. 

Konitalim  are  high-melting  lubricants.  They  are  used  for  lub¬ 
ricating  ball  and  roller  bearings  which  work  at  elevated  tempera¬ 
tures.  Like  greases,  they  were  previously  prepared  from  natural  fats 
(fatty  konstalimi  UT-1  and  UT-2 ) ,  while  at  the  present  time  they  are 
prepared  from  synthetic  fatty  acids  (synthetic  konstallns  UTs-l  and 
UTs-2).  All  konstallns  are  sodium  lubricants  and  therefore  are  not 
water  resistant;  they  cannot  be  used  under  conditions  of  high  hu¬ 
midity  and  in  contact  with  water;  their  protective  properties  are 
low. 


Type  1-13  calcium-sodium  lubricants  are  widely  used  in  the 
roller  bearings  of  automobiles,  electric  motors,  railroad  ears  and 
other  equipment.  Among  them  are  fatty  lubricant  1-13  end  its  Im¬ 
proved  modification  -  lubricant  l-13s  (lubricant  1-LZ)  which  Is 
also  prepared  froa  natural  fats,  and  lubricant  l-13s  prepared  from 
soaps  cf  synthetic  fatty  acids  and  its  improved  version  -  lubricant 
YaNZ-2.  All  these  luorlcants  have  poor  water  resistance,  but  can 
operate  at  considerably  higher  temperatures  than  greases. 

Narrowly  specialised  lubricants  find  use  in  automcblle  roller 
bearings  as  well  as  in  the  friction  joints  of  other  machines: 
lithium  lubricant  LZ-31  (for  the  squeete  bearing  of  a  clutch),  a 
special  lubricant  for  vacuum  and  pneumatic  windshield  wipers  made 
from  a  zinc-alu«inu«  alloy,  a  sodium  lubricant  for  the  ball  bear¬ 
ings  of  automotive  electrical  equipment  and  the  more  up-to-day 
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phthaiocyanin  lubj leant  No.  158  used  in  the  generators  of  the 
Mo8kvich  and  Volga  automobiles  and  also  of  combines. 

Graphite  lubricant  USs-A  prepared  from  the  calcium  soap  of 
synthetic  fatty  acids  is  widely  used  for  lubricating  rough  fric¬ 
tion  surfaces  (springs,  cables  of  clumsy  heavily  loaded  gears,  etc.). 

Industrial  Lubricants  [No.  43-51,  Table  12.29] 

Special  industrial  lubricants  are  used  for  lubricating  the 
bearings  and  other  friction  Joints  of  metallurgical  equipment 
(rolling  mills,  the  belts  of  agglomeration  machines,  cranes,  the 
cranes  of  open-hearth,  convertor  and  other  metallurgical  plants, 
the  mechanisms  of  hot  mills,  etc.):  calcium-sodium  lubricants  IP1- 
L  (summer)  and  IP1-3  (winter),  sodium  lubricant  for  rolling  mills 
(lubricant  IP-2)  prepared  from  soaps  of  oxidized  petrolatum  and 
automotive  transmission  oil  which  is  very  thick,  metallurgical 
lubricant  No.  10  containing  a  large  amount  of  calcium  soaps  and 
therefore  less  heat  resistant  than  lubricants  IP-1  and  IP-2  and 
high-temperature  sodium  lubricant  No.  137. 

The  new  LZ-142  lubricant  for  lubricating  the  sheets  during 
cold  rolling  of  steel  and  other  alloys  can  be  placed  in  the  same 
group;  it  is  atriethyleneglycolic  ester  of  synthetic  fatty  acids 
and  is  a  complete  subotitute  for  imported  oils  —  palm,  castor  and 
others  wnich  are  still  used  for  the  same  purposes. 

The  following  narrowly  specialized  lubricants  produced  in  a 
limited  amount  belong  among  industrial  lubricants:  sodium  textile 
IT  (used  for  lubricating  tortional  raceways),  aluminum  rotation 
IR  (for  lubricating  the  bearlng3  of  rotation  machines)  and  Red's 
lubricant. 

Special  Lubricants  [No.  52-57,  Table  12.29] 

In  aviation,  in  addition  to  general  purpose  lubricants,  spe¬ 
cialized  NK-50  lubricants  (airplane  motor  high-melting  ST)  pre¬ 
pared  from  sodium  soaps  and  containing  graphite  which  Increases 
its  lubricating  properties,  especially  at  high  temperatures  and 
lubricant  No.  9  for  lubricating  mechanisms  which  are  subjected 
to  sharp  changes  in  temperature  and  humidity  during  flight  under 
various  meteorological  conditions  and  at  different  altitudes  which 
is  also  used  for  protecting  steel  products  with  metallic  and  chem¬ 
ical  coatings  for  brief  periods  are  used. 

The  marine  lubricants  AMS-1  and  AMS-3  possess  high  sticki¬ 
ness,  are  little  eroded  by  water  and  protect  well  against  corro¬ 
sion  from  the  effect  of  atmospheric  precipitates  and  sea  water; 
they  are  used  in  friction  Joints  of  certain  ship  mechanisms,  but 
only  at  temperatures  above  0°C.  Lubricant  AMS-1  is  soft  ar.d  sticky, 
while  fMS-3  is  thicker  and  has  a  higher  drop  point. 

Lubricant  MS-70  resists  erosion  by  water  well  and  therefore 
is  used  for  lubiicating  mechanisms  which  operate  on  the  decks  of 
ships  and  are  subjected  to  the  constant  action  of  waves;  it  can¬ 
not  be  used  at  teaperatures  above  60°C.  During  prolonged  storage 
of  lubricated  products  under  ats»ospheric  conditions,  it  protects 
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them  poorly  against  corrosion  since  it  dries  up  and  decrepitates 
and  also  causes  copper  alloys  to  turn  green  and  darken. 

Lubricant  PROS  has  limited  use  in  heavily  loaded  high-speed 
reducing  gears,  providing  for  their  start-up  at  temperatures  up 
to  -50°C  and  preventing  abrasion;  lubricant  spattered  on  the  walls 
of  the  reductor’s  housing  runs  off  from  them. 

Railroad  Lubricants  [No.  58-76,  Table  12.29] 

Railraod  lubricants  are  used  in  the  friction  joints  of  loco¬ 
motives,  steam  engines,  electric  locomotives,  diesel  locomotives 
and  railroad  cars.  It  is  produced  according  to  MPS  technical  spe¬ 
cifications.  These  lubricants  can  be  divided  into  several  groups. 

1.  Solid  briquet  lubricants  containing  up  to  40?  thickening 
agent,  usual?;  sodium  soap  (ZhD-1,  ZhD-lp,  ZhD-2  and  ZhD-2p).  They 
are  similar  in  external  appearance  to  household  soap  and  are  ap¬ 
plied  in  the  form  of  bars  of  specific  shaoe  to  slotted  and  bush 
bearings  where  they  are  pressed  by  t^rines  to  the  axle  Journals. 

2.  Plastic  greases,  similar  in  composition  and  properties  to 
ordinary  general  purpose  saponaceous  lubricants:  ZhK,  ZhB,  Metro 
of  grades  M-i  and  M-2  and  others,  including  lubricant  1-LZ  (gun 
lubricant  1-13)  containing  an  oxidation  inhibitor  (0.3f  diph^ny la- 
mine)  which  prolongs  che  periods  of  the  lubricant’s  service  sev¬ 
eral  times  in  comparison  with  lubricant  1-13. 

3.  Narrowly  specialised  lubricants:  sulfured  summer  and  win¬ 
ter  lubricant  for  traction  electric  motors  of  locomotives,  graph¬ 
ite  anti-accident  coach  lubricant,  graphite  ZhR  for  lubricating 
rails,  ZhT  (4a)  for  the  automatic  brakes  of  rolling  stock,  dry 
graph ite-coumar one  SGS-0  (basic)  and  its  "solution"  in  a  solvent 
for  the  contact  plates  of  locomotive  pantographs,  two  formulas  of 
greasing  lubricants  PS-12  and  two  formulas  of  PC- 40  and  graphite 
lubricant  QMS  for  the  supplying  of  steady  electrical  conductance 
in  rail  Joints.  ZhE  anticorrosion  lubricant  (No.  7,  Table  12.29) 
has  also  been  ueed  for  protecting  the  carrier  cables  of  electri¬ 
fied  rallraods  again'- t  corrosion. 

Instrument  Lubricants  [No.  77-90,  Table  12.29] 

Only  the  major  instrument  lubricants  which  have  obtained  wide 
distribution  and  which  are  produced  by  the  petroleum  Industry  are 
presented  here.  Many  Instrument  lubricants  are  prepared  by  vari¬ 
ous  enterprises,  organisations  and  institutes  for  narrowly  special¬ 
ised  purposes  on  special  order;  they  are  used  in  small  amounts. 

Instrument  lubricants  can  be  divided  into  several  subgroups, 
each  of  which  consists  of  a  series  of  lubricants  which  are  similar 
in  composition  and  properties.  The  lubricants  of  the  individual 
subgroups  are  used  chiefly  in  some  specific  branch  of  Instrument 
making,  but  can  also  be  used  in  allied  fields. 

Lubricants  of  the  TsKP  series  (2TsKP,  3TsKP  and  bTsJCP)  as  well 
as  of  the  SK  series  (2SK  and  4SK)  are  widely  used  in  enterprises  of 
the  optics! -mechanical  industry  and  in  organisations  which  repair 
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optical  instruments .  The  lubricants  within  a  series  differ  in  con¬ 
tent  of  the  principal  chickening  agent  (ceresin)  and  oil.  Lubri¬ 
cant  2TsKP  is  the  softest,  while  4TaKP  is  the  thickest  of  the  TsKP 
series.  Lubricant  2SK  is  also  a  soft  grease,  while  4SK  is  a  very 
thick  mastic  used  as  a  cement  in  sealing  the  caps  of  optical  instru¬ 
ments.  All  these  lubricants  provide  for  the  operation  and  storage 
of  optical  instruments  within  a  rather  narrow  temperature  range 
(±40°C)  which  does  not  satisfy  the  requirements  of  present-day  in¬ 
strument  making.  Optical  instruments  must  operate  normally  in  frosts 
down  to  ->0°C  and  not  get  out  of  order  when  working  in  a  warm  cli¬ 
mate  where  they  are  often  heated  to  70-80°C  in  the  sunlight.  There¬ 
fore,  a  search  is  being  conducted  for  more  imp roved  lubricants  for 
optical  Instruments. 

Graphite  lubricants  of  series  Q  which  are  mixtures  of  series 
TrKP  lubricants  with  colloidal  graphite  in  various  proportions  are 
used  for  lubricating  heavily  loaded  Joints  of  optical  instruments. 

Lubricants  of  series  OKB-122,  four  plastic  and  five  liquid, 
which  are  usually  called  instrument  oils  are  very  common.  All  these 
lubricants  contain  as  the  oil  base  mixtures  of  silicone  liquids  and 
highly  purified  petroleum  oils.  Thanks  to  the  high  content  of  sil- 
lco-organic  liquids  which  possess  low  pour  points  and  a  sloping 
viscosity  curve,  the  lubricants  of  series  OKB-122  provide  for  the 
operation  of  the  mechanisms  of  diverse  instruments  at  very  low 
temperatures  (to  -70°C)  and  also  can  be  used  at  comparatively  high 
temperatures  (up  to  60-320°C).  However,  these  lubricants  cannot  be 
used  in  the  Joints  of  optical  instruments  which  have  optical  (glass) 
components  since  silicon  liquids  are  inclined  toward  creeping  on 
metallic  and  glass  surfaces  and  lubricants  prepared  from  them  form 
deposits  on  the  optical  components. 

Of  the  large  number  of  instrument  lubricants  developed  by 
VNII  HP,  only  the  lubricants  TslATIM-201,  TsIATlM-202,  TsIATlM-203 
and  TslATIM-221  which  are  more  common  and  are  prepared  by  the 
petroleum  industry  in  considerable  amounts  are  presented  in  Table 
12.29. 


Lubricant  TslATIM-201  was  the  first  lithium  lubricant  pro¬ 
duced.  It  has  found  use  in  the  most  diverse  fields  of  technology 
thanks  to  its  water  resistance,  high  chemical  stability  and  wide 
range  of  tenperatures  in  which  it  provides  for  the  operation  of 
mechanisms.  Its  shortcomings  must  be  taken  into  account  in  using 
this  lubricant:  low  collodlal  stability  (it  gives  off  oil),  com¬ 
paratively  low  anti-frictions  properties  (it  cannot  be  used  in 
i  heavily  loaded  Joints),  rapid  drying  and  poor  resistance  to  water 

erosion.  Oil  is  given  off  from  it  during  storage  in  a  large  con- 
I  talner  (cans);  therefore  it  is  packaged  in  beakers  with  a  capacity 

\  of  about  1  kg. 

[  The  lithium  lubricants  TslATIM-202  and  TsIATIH-203  are  used 

l  in  friction  Joints  with  high-reversible  roller  bearings  and  with 

F  large  specific  loads,  at  higher  temperatures  and  in  increased 

j  humidity  since  they  have  better  anti-friction  and  anti-abrasion 

*  properties  than  lubricant  TsIATIH-201. 

The  calcium  lubricant  TsIATIK-221,  in  spite  of  the  fact  that 


E 

t 
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it  does  not  possess  high  water  resistance,  protects  lubricated 
surfaces  rather  well  against  corrosion  and  is  stable  during  pro¬ 
longed  stoiage  of  lubricated  mechanisms;  it  is  often  used  in  con¬ 
necting  metallic  and  rubber  components.  Insufficiently  good  anti¬ 
abrasion  properties  do  not  permit  its  use  in  heavily  loaded  fric¬ 
tion  joints. 

Hermetic  Sealing  Lubricants  [No.  91-107,  Table  12.29] 

Special  hermetic  sealing  and  packing  lubricants  and  greases 
are  used  to  fill  narrow  slits  and  chinks  in  the  hermetic  sealing 
of  instrument  to  provide  for  operation  and  prolonged  sealing  of 
various  cranes,  bolts,  vacuum  apparatus  and  instruments.  They  are 
divided  according  to  purpose,  type  and  chemical  composition  of 
the  ta3e  and  binder  and  according  to  the  filler  which  plays  a  large 
role  in  their  capacity  to  nermetlcally  seal  apparatus,  especially 
under  large  pressures. 

The  base  and  binder  determine  the  resistance  of  the  lubricant 
to  the  medium  with  which  it  comes  into  contact  and  the  reliability 
of  operation  of  movable  Joints  at  different  temperatures. 

A  hydrocarbon  vacuum  lubricant  (No.  91,  Table  12.29)  is  used 
to  hermetically  seal  laboratory  instruments;  it  is  also  used  under 
production  conditions.  It  contains  158  natural  rubber,  therefore 
its  structure  is  distinguished  by  a  thread-like  character  and 
great  stickiness. 

The  new  lubricant  L2-188  is  used  for  hermetically  sealing  the 
stopcocks  of  various  pipe  lines  through  which  natural  or  industrial 
gas  is  transported  under  great  pressure  at  temperatures  from  20  to 
130°C;  lubricant  8U  is  used  for  sealing  gasoline  pipes  and  gaso¬ 
line  pumps.  Instrument  and  liner  lubricants  as  well  as  pump  lubri¬ 
cant  which  is  very  resistant  to  the  action  of  petroleum  products 
and  alcohol-glycerine  liquids  have  been  used  for  a  long  time. 

Packing  lubricants  have  been  developed:  No.  15,  1,  2,  3,  *»  5 
and  54  for  gas  cocks,  threaded  joints  and  others  (No.  98-106,  Ta¬ 
ble  12.29).  They  have  limited  use  and  are  prepared  on  special  or¬ 
der  of  the  consumers. 

Vaselines  and  Leather  Lubricants  [No.  108-111,  Table  12.29] 

Vaselines  are  produced  according  to  OOST  3582-52  and  HRTU  12N 
No.  116-64. 

The  former  are  used  for  medical  purposes  and  In  prrnaring 
creams,  pastes  and  ointments.  They  are  also  used  in  the  textile  in¬ 
dustry  . 

Vaselines  manufactured  according  to  K!tTU  12N  No.  116-64  are 
used  for  medical  purposes  in  agriculture. 

Lubricants  for  leather  are  used  in  preparing  a  fatty  mixture 
for  the  impregnation  of  leather  products  as  well  c*  for  protecting 
metal  parts  against  corrosion. 
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TABLE  12.29 

Composition,  Principal  Characteristics,  Purpose  and  Application  Conditions  of  Lubricants 

Composition  Principal  methods  of  use  Principal  purpose  Method  of  packing 

contents,  index,  unit  packaging,  princi 

components  t  by  mass  measurement  standard  pie  methods  of  us 
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Instrument  Lubricating  Oils 


OKB-122  instrument  lubricating  oils  are  mixtures  of  silico- 
organic  liquids  and  mineral  oils  of  a  high  degree  of  purity.  They 
are  used  for  lubricating  instrument  bearings  and  friction  joints 
which  operate  at  low  temperatures  and  for  the  preparation  of  low- 
temperature  OKB-122  instrument  oils.  Five  grades  are  produced  (see 
Table  12.30). 


TABLE  12.30 


1)  Properties;  2)  grades  of  oil;  3)  density  pi*;  4)  xinematie  vis- 
oosity  at  50°C,  cSt;  5)  flash  point  (in  open  crucible) ,  °C,  not 
below;  6)  pour  point,  °C,  not  above;  7)  acid  number,  mg  KOK  per  g, 
not  more  than;  3)  water;  9)  absent. 


Oils  end  Lubricants  for  Clockworks 

Special  oils  end  lubricants  are  used  for  lubricating  clock¬ 
works  and  instruments  analogous  to  them.  The  principal  lubricating 
oils  and  their  propertiea  are  presented  in  Table  12-31.  The  oils 
KPB-12 ,  K7.F-6,  JfTs-3  and  MChM-5  are  ueed  x"or  clockworks  operating 
under  ordinary  conditions;  for  mechanisms  which  operate  in  the 
open  air  at  low  temperGturea  the  oils  MN-30,  KN-45  and  KH-fO  are 
used.  Por  clicks  designed  for  operation  in  countries  with  a 
tropical  climate,  the  oil*  SChT-3  a r.d  KPT-3  vnich  contain  an  anti¬ 
septic  which  prevents  the  development  in  them  of  the  spores  of 
various  fungous  organisms  and  microorganisms  (bacteria)  are  used, 
these  oils  are  tested  for  moisture  resistance  and  chemical  stabil¬ 
ity  by  the  method  set  forth  in  OOST  7934-56. 
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12.31  (Cant'd) 


TABLE  12.3 2  (Cont’d) 
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TABLE  12.33 

Epllams  -  Liquidc  for  Treating  Components  of  Clock  Mechanisms  to 
Prevent  Spreading  of  Lubricating  Oils  (VTU  NUChasprom) 


Properties 


External  appearance,  color 


Fractional  composition: 
97%  distilled  at  tempera¬ 
ture,  °C,  not  above 

Acid  number,  mg  KOH  per  g 

Refractive  index  at  20°C, 
not  above 

Test  on  steel  polished 
plate 


Test  for  corrosive  agres- 
siveness  on  steel  and  brass 
plates  ,  three  days  at  room 
temperature 

Water  soluble  acids  and  bases 


Grades 


EN-3 


EN-4s 


£N-5s 


Mobile  trans-  Mobile  transparent  yel- 
parent  color-  low  or  light  brown  li- 
less  liquid  quid 


0.06-0.10 


1.3890 


0.06-0.10  0.06-0.10 


1.3700 


1.4590 


Complete  evaporation  of  liquid; 
slight  white  deposit  remains  at  site 
of  evaporated  drop 

Traces  of  corrosion  absent 


Absent 


Mechanical  impurities  and  water 


Absent 


The  principal  properties  of  clock  and  instrument  lubricating 
greases,  general  purpose  RS-1  and  PS-4  and  RST-3  for  instrument 
and  clock  mechanisms  intended  for  operation  in  countries  with  a 
tropical  climate  are  presented  in  Table  12.32;  the  latter  contains 
an  antiseptic  additive. 

The  colloidal  lubricants  KS-20,  KS-22  and  KS-25  are  designed 
for  lubricating  mechanisms  in  which  great  abrasion  of  the  friction 
components  is  possible.  TTiey  all  contain  about  15$  of  finely 
ground  molybdenum  disulfide  which  decreases  friction  and  abrasion 
of  the  friction  components. 

The  quality  Indexes  of  epllams  -  liquids  used  for  treating 
the  components  of  instruments  and  clock  mechanisms  to  prevent 
spreading  of  the  oils  and  lubricants  from  the  friction  joints  are 
presented  in  Table  12.33. 

$.  THE  COMPATIBILITY  OF  LUBRICANTS  OF  DIFFERENT  COMPOSITION 

The  compatibility  of  lubricants  is  of  great  practical  impor¬ 
tance  since  during  the  operation  and  storage  of  mechines  and  mech¬ 
anisms  it  is  frequently  necessary  to  solve  the  problem  of  the  pos- 
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sibility  of  replacing  one  lubricant  by  another,  while  it  is  not 
always  possible  to  remove  the  first  without  complete  dismantling 
of  the  Joint,  which  can  lead  tc  impairment  of  normal  operation 
and  even  damage  to  the  article.  Moreover,  the  dismantling  and  as¬ 
sembly  of  complex  modern  machines  and  instruments  is  expensive  and 
requires  the  expenditure  cf  skilled  labor,  whereas  replacement  of 
the  lubricant  without  dismantling  Joints  and  mechanisms  of  machines 
usually  is  not  difficult  and  can  be  performed  by  the  people  who 
operate  them. 

Hydrocarbon  lubricants  almost  without  exception  can  be  coal¬ 
esced  and  combined  in  unmelted  form;  mixtures  of  them  do  not  sep¬ 
arate  upon  cooling.  The  mixing  of  such  lubricants  as  gun,  technical 
vaseline,  PVK,  SKhK ,  etc.,  as  well  as  the  addition  to  them  of  an 
additional  amount  of  thickening  agents  (which  is  sometimes  prac¬ 
ticed  for  the  purpose  of  increasing  the  drop  point,  increasing  tne 
thickness,  eliminating  slipping,  etc.),  although  it  is  possible, 
is  not  recommended.  The  formulas  of  lubricants  PVK,  SKhK  and  G0I-5*p 
have  been  well  developed  and  tested;  tnere  is  no  need  to  add  more 
ceresin  or  oxidised  petroleum  products  to  them.  It  is  sometimes 
expedient  to  mix  gun  lubricant  with  PVK  lubricants,  fusing  them  in 
equal  amounts,  foi*  example..  3 f  it  is  necessary  to  use  the  avail¬ 
able  store  of  gun  lubricant  and  the  mixture  will  be  used  to  protect 
articles  against  corrosion  which  are  stored  in  an  area  with  a  mod¬ 
erate  or  cold  climate  where  there  is  no  danger  of  slipping  cf  the 
layer  at  temperatures  above  *5°C. 

When  hydrocarbon  lubricants  prepared  in  different  plants  from 
different  raw  material  are  mixed  the  mixtures  which  are  formed  can 
have  decreased  qualitative  indices.  It  is  particularly  dangerous 
to  use  such  mixtures  for  preserving  articles  for  prolonged  storage 
since  the  mixed  lubricant  layer  can  decrepitate,  peel  off  the 
covered  metal  and  slide.  This  sometimes  occurs  due  to  undesirable 
recrystallization  of  solid  hydrocarbons  in  the  mixture  and  reduc¬ 
tion  of  the  volume  of  the  lubricant  during  re crystallization  of 
its  components.  Paraffin  should  not  be  added  to  hydrocarbon  lubri¬ 
cants  since  it  imparts  to  the  mixture  a  tendency  to  decrepitate, 
especially  at  a  low  temperature.  All  such  mixtures  should  be  test¬ 
ed  before  use. 

Lubricant  G0I-5<ip  (G0I-5M)  should  not  be  mixed  with  gun  and 
PVK  and  SKhK  lubricants  since  in  this  case  it  loses  its  low  tem¬ 
perature  properties. 

However,  not  all  mixture*,  of  hydrocarbon  lubricants  have  de¬ 
creased  properties.  For  example,  a  mixture  cf  1  part  by  weight  of 
gun  lubricant  and  1  part  by  weight  of  rifle  lubricant  (GOST  30*5- 
51)  is  recommended  for  preserving  rifles  during  prolonged  storage. 
Mixtures  of  gun  lubricant  or  PVK  lubricant  with  AU  axle  oil  are 
used  in  the  operation  of  ship  mechanisms.  A  mixture  of  30$  AU 
axle  oil  and  101  PVK  lubricant  possesses  good  protective  properties. 

The  overwhelming  majority  of  hydrocarbon  lubricants  are  not 
compatible  with  saponaceous  lubricants;  as  a  rule,  they  damage 
saponaceous  lubricants,  considerably  changing  their  characteristics. 

The  mixing  of  various  grades  of  greases  and  of  fatty  greaae 
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with  -synthetic  is  entirely  possible  and  does  not  lead  to  any 
deviations  in  the  operation  of  the  lubricated  friction  joints. 

By  Mixing  calcium  and  lithium  lubricants*  products  with  inter¬ 
mediate  properties  are  obtained.  A  mixture  of  grease  with  lubri¬ 
cant  TsXATIff-201  has  a  minimum  tensile  strength  at  a  content  of 
75$  grease  in  the  mixture.  However*  it  is  entirely  possible  to  mix 
greases  with  lithium  lubricants.  This  makes  it  possible  to  replace 
greases  having  a  low  melting  point  and  comparatively  poor  low- 
temperature  properties  with  lithium  lubricants  which  possess  con¬ 
siderably  better  high  and  low-temperature  properties.  It  is  possible 
to  carry  out  this  replacement  without  dismantling  the  Joints. 

Prom  mixing  greases  with  konstalln,  mixtures  with  poorer  pro¬ 
perties  than  those  of  the  original  lubricants  are  obtained. 

The  viscosity  characteristics  of  mixtures  of  sodium  and  lith¬ 
ium  lubricants  changes  monotonlcally  with  a  change  in  composition. 
The  addition  of  a  small  amount  of  konstalln  to  lubricant  TslATIM- 
?01  leads  to  an  increase  in  the  tensile  strength,  while  the  other 
pro*. ort V*  change  only  slightly. 

The  mixing  of  monotypic  lubricants,  as  well  as  of  fresh  and 
depleted  lubricants  is  entirely  permissible.  The  combining  of  non- 
monotyplc  lubricants,  each  of  which  separately  can  provide  normal 
operating  conditions,  for  example,  of  rolling  bearings,  is  not 
permissible  and  can  lead  to  breakdown  due  to  flowing  out  and  cast¬ 
ing  off  of  the  lubricant  mixture  from  the  effect  of  mechanical  de¬ 
formation.  Mixtures  of  lubricants  1-13  and  l-13s,  TsIATIM-201  and 
1-13»  US-2  and  l-13s  behave  in  this  way.  Loss  of  efficiency  of  the 
indicated  nonmonotypic  lubricants  after  their  combing  causes  a 
sharp  deterioration  in  the  initial  mechanical  characteristics  (ten¬ 
sile  strength,  effective  viscosity,  thixotropic  properties)  and  an 
almost  irreversible  loss  of  plasticity  from  the  effect  of  the 
mechanical  deformation. 

When  a  lubricant  is  added  to  roller  and  ball  bearings,  its 
mixing  with  the  old  lubricant  even  during  intensive  operation  oc¬ 
curs  very  slowly.  Therefore,  it  is  necessary  as  far  as  possible  to 
take  measures  to  displace  the  old  lubricant  from  the  friction  Joint 
by  pumping  and  other  methods. 
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Transliterated  Symbols 


rOCTGOST  •  Oosudarstvemiyy  obshchesoyuznyy  standart  ■ 
All-Union  State  Standard 

T7  •  TU  •  technicheakiy  uslovlya  ■  technical  specifi- 
Cations 

MJIHXMrn  ■  Moskovukiy  Ins  tit  *«..  neftekhimicheskoy  1 

gazovoy  prowyshlennosti  *  Moscow  Institute  of 
the  Petrochemical  and  Gas  Industry 

BTM  •  Vsesoyuznyy  Teplotekhnlcheskly  Instltut  ■  All- 
Union  Heat  Institute 

UIIATHII  •  TsIATIM  «  Tsentral’nyy  nauchno-issledovatel’- 
3liy  instltut  aviatsionnykh  topliv  1  masel  » 
Central  Scientific  Research  Institute  of  Avia¬ 
tion  Fuels  and  Lubricants 

IfPTy  *  MRTU  ■  mezhresfblikanskiy  usloviya  «  provisional 
technical  specifications 

BHKH  HI1  ■  VNII  NP  ■  Vsesoyuznyy  sauchno-issledcvatel'skly 
instltut  po  pererabotke  nefti  i  gaza  i  polu- 
chenlyu  lskusstvennogo  zhidkogo  topllva  ■  All- 
Union  Scientific  Research  Institute  of  Oil  and 
Qas  Processing  and  Production  of  Artificial 
Liquid  i  'uel 

IfflC  ■  MPS  *  Minihtcratvo  putey  soobshcheniya  *  Ministry 
of  Railroad 

113  •  MZ  »  maslo  eim .  ye  «  winter  oil 

B7  ■  VU  *  vyazkoat'  uslovnaya  •  conventional  viscosity 

HT1  NP  •  Nafte  produkty  ■  petroleum  products 

PTy  ■  RTU  »  Respublikana*.lye  fekhnicheskiye  U&loviya  • 
Republican  Technical  Specifications 

PC#CP  *  RSFSR  •  Rcsslyskaya  Sovetskeya  Federativnaya 

Sotalalisticheskaya  Reapubliwa  »  Rus¬ 
sian  Soviet  Federated  Socialist  Repub¬ 
lic 

KHHMacnpow  •  NUChasprom  •  Nauchno-iasledovatel'akiy 
instltut  chasovoy  promyahlennoatl  <- 
Scientific  Research  Institute  of  the 
Watch  Industry 
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